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I. REAL PARTY IN INTEREST 

The real party in interest is Genentech, Inc., South San Francisco, California, by an 
assignment of the parent application, U.S. Patent Application Serial No. 09/941,992 recorded 
November 16, 2001, at Reel 012176 and Frame 0450. 

II. RELATED APPEALS AND INTERFERENCES 

The claims pending in the current application are directed to a polypeptide referred to 
herein as "PRO1009". There exist two related patent applications, (1) U.S. Patent Application 
Serial No. 09/991,181, now Patent No. 6, 913, 919, issued 07-05-2005 (containing claims 
directed to nucleic acids encoding PRO 1009 polypeptides), and (2) U.S. Patent Application 
Serial No. 09/990,443, filed November 14, 2001 (containing claims directed to antibodies to 
PRO1009 polypeptides). Related U.S. Patent Application Serial No. 09/990,443 application is 
also under final rejection by the same Examiner and based upon the same outstanding rejections, 
an appeal is being pursued independently and concurrently herewith. 

III. STATUS OF CLAIMS 

Claims 1 1 9- 1 26 and 1 29- 1 3 1 are in this application. 
Claims 1-1 18 and 127-128 have been canceled. 

Claims 1 19-126 and 129-131 stand rejected and Appellants appeal the rejection of these 

claims. 

A copy of the rejected claims in the present Appeal is provided as Claims Appendix 
(Section VIII). 

IV. STATUS OF AMENDMENTS 

A summary of the prosecution history for this case is as follows: 
Previously, in response to a Final Office Action mailed on September 7, 2005, a Notice 
of Appeal was filed on December 6, 2005 and an Appeal Brief was filed on February 7, 2006. 
An Examiner's Answer was mailed on May 2, 2006, and an RCE Response with additional 
references and affidavits supporting Appellants' arguments was filed on June 29, 2006. Two 
Final Office Actions were mailed on September 27, 2006 and October 13, 2006, and a Notice of 
Appeal was filed March 13, 2007. 
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No claim amendments have been submitted after the last final rejection of October 13, 
2006. A copy of the rejected claims in the present Appeal is provided as Appendix A. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

The invention claimed in the present application is related to an isolated polypeptide 
comprising the amino acid sequence of the polypeptide of SEQ ID NO: 194, referred to in the 

■ 

present application as "PRO1009." The PRO1009 gene was shown for the first time in the 
present application to be significantly amplified in human colon cancers as compared to normal, 
non-cancerous human tissue controls (Example 1 70). This feature is specifically recited in 
Claim 124, and carried by all claims dependent from Claim 124. In addition, the invention also 
claims the amino acid sequence of the polypeptide of SEQ ID NO: 1 94, lacking its associated 
signal-peptide; or the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 209977 (Claims 124-126 and 
129). The invention is further directed to polypeptides having at least 80% to 99% amino acid 
sequence identity to the amino acid sequence of the polypeptide of SEQ ID NO: 194; the amino 
acid sequence of the polypeptide of SEQ ID NO: 194, lacking its associated signal peptide; or the 
amino acid sequence of the polypeptide encoded by the full-length coding sequence of the cDNA 
deposited under ATCC accession number 209977, wherein the nucleic acid encoding said 
polypeptide is amplified in colon tumor (Claims 1 19-123). The invention is further directed to a 
chimeric polypeptide comprising one of the above polypeptides fused to a heterologous 
polypeptide (Claim 130), and to a chimeric polypeptide wherein the heterologous polypeptide is 
an epitope tag or an Fc region of an immunoglobulin (Claim 131). PRO polypeptide variants 
having at least about 80-99% amino acid sequence identity with a full length PRO polypeptide 
sequence, or a PRO polypeptide sequence lacking the signal peptide are generally described in 
the specification at, for example, page 305, line 23 onwards, and percent amino acid sequence 
identity determination is generally described at least at, for example, pages 306-308, line 14 
onwards. The preparation of chimeric PRO polypeptides (Claims 130 and 131), including those 
wherein the heterologous polypeptide is an epitope tag or an Fc region of an immunoglobulin, is 
set forth in the specification at page 374, lines 24 to page 375, line 9. Examples 140-143 and 
page 376, line 12 onwards describe the expression of PRO polypeptides in various host cells, 
including E. coli, mammalian cells, yeast and Baculovirus-infected insect cells. 
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The amino acid sequence of the native "PRO 1009" polypeptide and the nucleic acid 
sequence encoding this polypeptide (referred to in the present application as "DNA57 129-141 3") 
are shown in the present specification as SEQ ID NOs: 194 and 193, respectively, and in 
Figures 121 and 122, described on pages 293, lines 23-26. The full-length PRO1009 polypeptide 
having the amino acid sequence of SEQ ID NO: 194 is described in the specification at, for 
example, on page 15 and pages 116-118 and the isolation of cDNA clones encoding PRO 1009 of 
SEQ ID NO: 194 is described in Example 51, page 444-445 of the specification. 

Finally, Example 170, in the specification at page 539, line 19, to page 555, line 5, sets 
forth a 'Gene Amplification assay* which shows that the PRO 1009 gene is amplified in the 
genome of certain human colon cancers (see Table 9B, page 552-553). The profiles of various 
primary colon tumors used for screening the PRO polypeptide compounds of the invention in the 
gene amplification assay are summarized on Table 8, page 546 of the specification. 

VI, GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

1 . Whether Claims 119-126 and 129-131 satisfy the utility/ enablement requirement 
under 35 'U.S.C. §§101/1 12, first paragraph. 

2. Whether Claims 1 19-123 and 130-131 satisfy the written description requirement 
under 35 U.S.C. §112, first paragraph. 

VII. ARGUMENTS 
Summary of the Arguments 

Issue 1 : Utility/ Enablement 

Appellants rely upon the gene amplification data of the PRO 1009 gene for patentable 

utility of the PRO1009 polypeptides. This data is clearly disclosed in the instant specification in 

Example 170 which discloses that the gene encoding PRO 1009 showed significant amplification, 

ranging from 2.085 fold to 4.287-fold in twelve different colon primary tumors . Appellants 

have submitted, in their Response filed August 4, 2005, a Declaration by Dr. Audrey Goddard, 

which explains that a gene identified as being amplified at least 2-fold by the disclosed gene 

amplification assay in a tumor sample relative to a normal sample is useful as a marker for the 

diagnosis of cancer , and for monitoring cancer development and/or for measuring the efficacy of 

cancer therapy. Therefore, such a gene is useful as a marker for the diaenosis of colon cancer , 

and for monitoring cancer development and/or for measuring the efficacy of cancer therapy. 
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Appellants have also submitted, in their Response filed June 18, 2004, ample evidence to show 
that, in general, if a gene is amplified in cancer, it is more likely than not that the encoded protein 
will be expressed at an elevated level. First, the articles by Orntoft et al, Hyman et al, and 
Pollack et al collectively teach that in general gene amplification increases mRNA expression . 
Second, the Declaration of Dr. Paul Polakis, principal investigator of the Tumor Antigen Project 
of Genentech, Inc., the assignee of the present application, shows that, in general there is a 
correlation between mRNA levels and polypeptide levels . Third, Appellants further submit that 
even if there were no correlation between gene amplification and increased mRNA/protein 
expression, (which Appellants expressly do not concede), a polypeptide encoded by a gene that 
is amplified in cancer would still have a specific, substantial, and credible utility. Appellants 
submit that, as evidenced by the Ashkenazi Declaration and the teachings of Hanna and Mornin 
(both made of record in Appellants 1 Response filed June 18, 2004), simultaneous testing of gene 
amplification and gene product over-expression enables more accurate tumor classification , even 
if the gene-product, the protein, is not over-expressed. This leads to better determination of a 
suitable therapy for the tumor, as demonstrated by a real-world example of the breast cancer 
marker HER-2/neu. Appellants further note that the sale of gene expression chips to measure 
mRNA levels is a highly successful business, with a company such as Affymetrix recording 
168.3 million dollars in sales of their GeneChip arrays in 2004. Clearly, the research community 
believes that the information obtained from these chips is useful (i.e., that it is more likely than 
not informative of the protein level). Therefore, as a general rule, one skilled in the art would 
find it more likely than not that PRO 1009 is useful as a diagnostic tool for detecting colon 
tumors. 

The Examiner acknowledges on page 3 of the Final Office Action mailed 
September 7, 2005 that "the data in Table 9 may provide a basis for utility and enablement of 
PRO 1009 nucleic acid," but contends that the data "does not provide a basis for utility or 
enablement of the claimed polypeptides. The art supports this position by establishing that there 
is no strong correlation between gene amplification and increased mRNA or protein levels." The 
Examiner maintains the rejection based on previously cited references Pennica et al, Konopka et 
al, Hu et al. and Haynes et al and newly cited references Lian et al, Fessler et al, and Chen et 
al 
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Appellants submit that the teachings of the Examiner's cited references do not 
conclusively establish a prima facie case for lack of utility (as will be discussed in detail below). 
In particular, contrary to the Examiner's interpretation, the data of Haynes et al (see Figure 1) 
and Chen et al (see Tables I and II of the paper) suggest that a positive correlation does exist 
between gene and protein expression. In addition, the teachings of Hu et al , Lian et al and 
Fessler et al do not show a lack of correlation between mRNA and protein expression for genes 
in general . In fact, these cited references make clear references to various limitations in their 
studies and to their conclusions that were drawn by excluding certain data points. Appellants 
respectfully submit that such conclusions cannot be used to validate the Examiner's conclusions 
regarding the correlation between gene and mRNA/ protein expression in general . Since the 
Examiner has not cited evidenciary material that clearly addresses gene and mRNA/ protein 
expression in general a prima facie case for lack of utility has not been made. 

Taken together, although there are some examples in the scientific art that do not fit 
within the central dogma of molecular biology that there is generally a positive correlation 
between DNA, mRNA, and polypeptide levels, in general, in the majority of amplified genes , as 
exemplified by the teachings of Orntoft et al, Hyman et al, Pollack et al, the Polakis 
Declaration, the art overwhelmingly show that gene amplification influences gene expression at 
the mRNA and protein levels . The widespread, art accepted use of information obtained from 
array chips for detecting diagnostic markers lend further support that in general, one of skill in 
the art would reasonably expect in this instance, based on the amplification data for the 
PRO 1009 gene, that the PRO 1009 polypeptide is concomitantly overexpressed and has utility in 

the diagnosis of colon cancer. 

Accordingly, Appellants submit that when the proper legal standard is applied, one 
should reach the conclusion that the present application discloses at least one patentable utility 
for the claimed PRO1009 polypeptides. The specification also provides detailed guidance as to 
how to identify and make polypeptides having at least 80-99% amino acid sequence identity to 
PRO 1009. Accordingly, one of ordinary skill in the art would understand how to make and use 
the recited polypeptide variants for the diagnosis of colon cancer without any undue 
experimentation. 

-6- 

On Appeal to the Board of Patent Appeals and Interferences 

Appellants' Brief 
Application Serial No. 09/993,687 
Attorney's Docket No. 39780-2730 P1C11 



Issue 2: Written Description 

The factors to be considered in evidencing possession of a claimed genus include 
"disclosure of complete or partial structure, physical and/or chemical properties, functional 
characteristics, structure/function correlation, methods of making the claimed product, or any 
combination thereof." Current applicable case law holds that biological sequences are not 
adequately described solely by a description of their desired functional activities. It is, however, 
well established that a combination of functional and structural features suffices to describe a 
claimed genus, as discussed in the PTO's own Written Description Guidelines, and as set forth in 
Enzo Biochem., Inc. v. Genprobe, Inc. Appellants note that the claims recite structural features, 
namely, 80-99% sequence identity to the native sequence of SEQ ID NO: 194, which are 
common to the genus. The genus of claimed polypeptides is further defined by having a specific 
functional activity for the encoding nucleic acids, namely, that the encoding nucleic acid is 
amplified in colon tumors. The specification provides detailed guidance as to how to identify the 
recited variants of SEQ ID NO: 194, including methods for determining percent identity between 
two amino acid sequences, as well as listings of exemplary and preferred sequence substitutions, 
as well as detailed protocols for determining whether a gene encoding a variant PRO 1009 protein 
is amplified in colon tumor. Thus, one of skill in the art could easily identify whether a variant 
PRO 1009 sequence falls within the parameters of the claimed invention. 

Accordingly, a description of the claimed genus has been achieved by the recitation of 
both structural and functional characteristics. 

These arguments are all discussed in further detail below under the appropriate headings. 

Response to Rejections 

ISSUE 1. Claims 119-126 and 129-131 are Supported by a Credible, S pecific and 
Substantial Asserted Utility, and Thus, Meet the Utility Requ irement of 35 U.S.C. 
SS101/112, First Paragraph 

The sole basis for the Examiner's rejection of Claims 119-126 and 129-131 under this 
section is that the data presented in Example 170 of the present specification is allegedly 
insufficient under the present legal standards to establish a patentable utility under 35 U.S.C. 
§101 for the presently claimed subject matter. 

Claims 1 19-126 and 129-13 1 stand further rejected under 35 U.S.C. §112, first paragraph, 
allegedly "since the claimed invention is not supported by either a specific and substantial asserted 
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utility or a well established utility for the reasons set forth above, one skilled in the art clearly would 
not know how to use the claimed invention." 

Appellants strongly disagree and, therefore, respectfully traverse the rejection. 

A. The Legal Standard For Utility Under 35 U.S.C. §101 

According to 35 U.S.C. §101: 

Whoever invents or discovers any new and useful process, machine, manufacture, 
or composition of matter, or any new and useful improvement thereof, may obtain 
a patent therefor, subject to the conditions and requirements of this title. 
(Emphasis added). ' 

In interpreting the utility requirement, in Brenner v. Manson, the Supreme Court held 
that the quid pro quo contemplated by the U.S. Constitution between the public interest and the 
interest of the inventors required that a patent Applicant disclose a "substantial utility" for his or 

2 

her invention, i.e., a utility "where specific benefit exists in currently available form." The 
Court concluded that "a patent is not a hunting license. It is not a reward for the search, but 
compensation for its successful conclusion. A patent system must be related to the world of 

3 

commerce rather than the realm of philosophy." 

Later, in Nelson v. Bowler? the C.C.P.A. acknowledged that tests evidencing 
pharmacological activity of a compound may establish practical utility, even though they may 
not establish a specific therapeutic use. The Court held that "since it is crucial to provide 
researchers with an incentive to disclose pharmaceutical activities in as many compounds as 
possible, we conclude adequate proof of any such activity constitutes a showing of practical 

utility." 5 



1 Brenner v. Manson, 383 U.S. 519, 148 U.S.P.Q. (BNA) 689 (1966). 

2 Id. at 534, 148 U.S.P.Q. (BNA) at 695. 

3 Id. at 536, 148 U.S.P.Q. (BNA) at 696. 

4 Nelson v Bowler, 626 F.2d 853, 206 U.S.P.Q. (BNA) 881 (C.C.P.A. 1980). 

5 Id. at 856, 206 U.S.P.Q. (BNA) at 883. 
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In Cross v. lizuka, the C.A.F.C. reaffirmed Nelson, and added that in vitro results might 
be sufficient to support practical utility, explaining that "in vitro testing, in general, is relatively 
less complex, less time consuming, and less expensive than in vivo testing. Moreover, in vitro 
results with the particular pharmacological activity are generally predictive of in vivo test results, 

7 

i.e. there is a reasonable correlation there between." The Court perceived, "No insurmountable 
difficulty" in finding that, under appropriate circumstances, "in vitro testing, may establish a 

practical utility." 

The case law has also clearly established that Appellants' statements of utility are usually 

9 

sufficient, unless such statement of utility is unbelievable on its face. The PTO has the initial 

burden to prove that Appellants' claims of usefulness are not believable on their face, hi 
general, an Appellant's assertion of utility creates a presumption of utility that will be sufficient 
to satisfy the utility requirement of 35 U.S.C. §101, "unless there is a reason for one skilled in 

11 12 

the art to question the objective truth of the statement of utility or its scope." ' 

13 

Compliance with 35 U.S.C. §101 is a question of fact. The evidentiary standard to be 
used throughout ex parte examination in setting forth a rejection is a preponderance of the 



6 Cross v. lizuka, 753 F.2d 1047, 224 U.S.P.Q. (BNA) 739 (Fed. Cir. 1985). 

7 Id. at 1050, 224 U.S.P.Q. (BNA) at 747. 

8 Id. 

9 In re Gazave, 379 F.2d 973, 154 U.S.P.Q. (BNA) 92 (C.C.P.A. 1967). 

10 Ibid. 

11 In re Longer, 503 F.2d 1380,1391, 183 U.S.P.Q. (BNA) 288, 297 (C.C.P.A. 1974). 

+ 

12 See also In reJolles, 628 F.2d 1322, 206 U.S.P.Q. 885 (C.C.P.A. 1980); In re Irons, 
340 F.2d 974, 144 U.S.P.Q. 351 (1965); In re Sichert, 566 F.2d 1 154, 1 159, 196 U.S.P.Q. 209, 
212-13 (C.C.P.A. 1977). 

13 Raytheon v. Roper, 724 F.2d 951, 956, 220 U.S.P.Q. (BNA) 592, 596 (Fed. Cir. 1983) 
cert, denied, 469 US 835 (1984). 
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14 

totality of the evidence under consideration. Thus, to overcome the presumption of truth that 
an assertion of utility by the Appellant enjoys, the Examiner must establish that it is more likely 
than not that one of ordinary skill in the art would doubt the truth of the statement of utility. 
Only after the Examiner made a proper prima facie showing of lack of utility, does the burden of 
rebuttal shift to the Appellant. The issue will then be decided on the totality of evidence. 

The well established case law is clearly reflected in the Utility Examination Guidelines 

("Utility Guidelines"), which acknowledge that an invention complies with the utility 
requirement of 35 U.S.C. §101, if it has at least one asserted "specific, substantial, and credible 
utility" or a "well-established utility." Under the Utility Guidelines, a utility is "specific" when 
it is particular to the subject matter claimed. For example, it is generally not enough to state that 
a nucleic acid is useful as a diagnostic without also identifying the conditions that are to be 
diagnosed. 

In explaining the "substantial utility" standard, M.P.E.P. §2107.01 cautions, however, 
that Office personnel must be careful not to interpret the phrase "immediate benefit to the 
public" or similar formulations used in certain court decisions to mean that products or services 
based on the claimed invention must be "currently available" to the public in order to satisfy the 
utility requirement. "Rather, any reasonable use that an applicant has identified for the invention 
that can be viewed as providing a public benefit should be accepted as sufficient, at least with 

1 6 

regard to defining a 'substantial' utility." Indeed, the Guidelines for Examination of 
Applications for Compliance With the Utility Requirement, gives the following instruction to 
patent examiners: "If the Applicant has asserted that the claimed invention is useful for any 
particular practical purpose ... and the assertion would be considered credible by a person of 
ordinary skill in the art, do not impose a rejection based on lack of utility." 



14 In re Oetiker, 977 F.2d 1443, 1445, 24 U.S.P.Q.2d (BNA) 1443, 1444 (Fed. Cir. 

1992). 

15 66 Fed. Reg. 1092(2001). 

16 M.P.E.P. §2107.01. 

17 M.P.E.P. §2107 11(B)(1). 
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B. Proper Application of the Legal Standard 

Appellants submit that the evidentiary standard to be used throughout ex parte 
examination of a patent application is a preponderance of the totality of the evidence under 
consideration. Thus, to overcome the presumption of truth that an assertion of utility by the 
Appellant enjoys, the Examiner must establish that it is more likely than not that one of ordinary 
skill in the art would doubt the truth of the statement of utility. Only after the Examiner has 
made a proper prima facie showing of lack of utility, does the burden of rebuttal shift to the 
Appellant. 

Appellants respectfully submit that the data presented in Example 170 starting on 
page 539 of the specification of the specification and the cumulative evidence of record, which 
underlies the current dispute, indeed support a "specific, substantial and credible" asserted utility 
for the presently claimed invention. 

Patentable utility for the PRO1009 polypeptides is based upon the gene amplification 
data for the gene encoding the PRO 1009 polypeptide. Example 170 describes the results 
obtained using a very well-known and routinely employed polymerase chain reaction 
(PCR)-based assay, the TaqMan™ PCR assay, also referred to herein as the gene amplification 
assay. This assay allows one to quantitatively measure the level of gene amplification in a given 
sample, say, a tumor extract, or a cell line. It was well known in the art at the time the invention 
was made that gene amplification is an essential mechanism for oncogene activation. Appellants 
isolated genomic DNA from a variety of primary cancers and cancer cell lines that are listed in 
Table 9 (pages 539 onwards of the specification), including primary colon cancers of the type 
and stage indicated in Table 8 (page 546). The tumor samples were tested in triplicates with 
Taqman™ primers and with internal controls, beta-actin and GADPH in order to quantitatively 
compare DNA levels between samples (page 548, lines 33-34). As a negative control, DNA was 
isolated from the cells often normal healthy individuals, which was pooled and used as a control 
(page 539, lines 27-29) and also, no-template controls (page 548, lines 33-34). The results of 
TaqMan™ PCR are reported in ACt units, as explained in the passage on page 539, lines 37-39. 
One unit corresponds to one PCR cycle or approximately a 2-fold amplification, relative to 
control, two units correspond to 4-fold, 3 units to 8-fold amplification and so on. Using this 
PCR-based assay, Appellants showed that the gene encoding for PRO 1009 was amplified, that is, 
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it showed approximately 1 .06-2. 1 0 ACt units which corresponds to 2 1 uo -2 z - 1 u - fold 
amplification or 2.085 fold to 4.287-fold in twelve different colon primary tumors . 

However, the Examiner states regarding the teachings of the Goddard Declaration that 
"the argument has been fully considered but is not deemed persuasive because it evidences that 
the instant specification provides a mere invitation to experiment, and not a readily available 
utiltiy" (page 12, third paragraph of the Final Office Action mailed September 7, 2005. 

Appellants respectfully disagree. 

Appellants point out that the Declaration by Dr. Audrey Goddard provides a statement by 
an expert in the relevant art that "fold amplification" values of at least 2-fold are considered 
significant in the TaqMan™ PCR gene amplification assay. Appellants particularly draw the 
Board's attention to page 3 of the Goddard Declaration which clearly states that: 

It is further my considered scientific opinion that an at least 2-fold increase in 
gene copy number in a tumor tissue sample relative to a normal (i.e., non-tumor) 
sample is significant and useful in that the detected increase in gene copy number 
in the tumor sample relative to the normal sample serves as a basis for using 
relative gene copy number as quantitated by the TaqMan PCR technique as a 
diagnostic marker for the presence or absence of tumor in a tissue sample of 
unknown pathology. Accordingly, a gene identified as being amplified at least 2- 
fold by the quantitative TaqMan PCR assay in a tumor sample relative to a normal 
sample is useful as a marker for the diagnosis of cancer, for monitoring cancer 
development and/or for measuring the efficacy of cancer therapy. 
(Emphasis added). 

Accordingly, the 2.085 fold to 4.287-fold in twelve different colon primary tumors 
would be considered significant and credible by one skilled in the art, based upon the facts 
disclosed in the Goddard Declaration. As any skilled artisan in the field of oncology would 
easily appreciate that this gene is a good candidate marker for diagnosing colon tumors and 
would clearly find utility for the PRO1009 gene as a diagnostic for colon cancer or for 
diagnosing individuals at risk for developing colon cancer. 

Further, as discussed below, Appellants had provided ample evidence in the form of 
articles from the art, like Orntoft et aL, Hyman et aL, Pollack et aL, and also the Polakis and 
Ashkenazi declarations, to show that, in general, if a gene is amplified in cancer, it is "more 
likely than not " that the encoded protein will also be expressed at an elevated level. The 
Examiner appears to disregard the ample evidence provided by the Appellants based on 
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misinterpretations of the teachings therein, as will be discussed below. Further, it is not a legal 
requirement to establish a necessary correlation between an increase in the copy number of the 
DNA and protein expression levels that would correlate to the disease state or that it is 
imperative to find evidence that DNA amplification is " necessarily " or "always" associated with 
overexpression of the gene product. Appellants respectfully submit that when the proper 
evidentiary standard is applied, a correlation must be acknowledged. The "more likely than not" 
standard is a much lower standard, and Appellants submit that, in fact, this standard is clearly 
met by the instant disclosure. 

C. A prima facie case of lack of utility has not been established 

The Examiner indicates based on Pennica et ah , Konopka et ah and Haynes et ah that 
"(w)hile the data in Table 9 may provide a basis for utility and enablement of PRO 1009 nucleic 
acid, it does not provide a basis for utility or enablement of the claimed polypeptides" (Pages 3, 
last 5 lines of the Final Office Action mailed September 7, 2005). 

Appellants respectfully submit that, contrary to the Examiner's assertion, none of the 
cited reference conclusively establish a prima facie case for lack of utility for the PRO 1009 
molecule. For instance, the teachings of Pennica et ah are specific to WISP genes, a specific 
class of closely related molecules. Pennica et ah showed that there was good correlation 
between DNA and mRNA expression levels for the WISP-1 gene but not for WISP-2 and WISP- 
3 genes. But, the fact that in the case of closely related molecules, there seemed to be no 
correlation between gene amplification and the level of mRNA/protein expression does not 
establish that it is more likely than not, in general, that such correlation does not exist. As 
discussed above, the standard is not absolute certainty . Pennica et ah has no teaching 
whatsoever about the correlation of gene amplification and protein expression for genes in 
general . Similarly, in Konopka et ah, Appellants submit that the Examiner has generalized a 
very specific result disclosed by Konopka et ah to cover all genes. Konopka et ah actually. state 
that "[p]rotein expression is not related to amplification of the abl gene but to variation in the 

level of bcr-ab\ mRNA produced from a single Ph 1 template." (See Konopka et al ., Abstract, 
emphasis added). The paper does not teach anything whatsoever about the correlation of protein 
expression and gene amplification in general and provides no basis for the generalization that 
apparently underlies the present rejection. The statement of Konopka et ah that "[p]rotein 
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expression is not related to amplification of the abl gene ..." is not sufficient to establish a 
prima facie case of lack of utility. Therefore, the combined teachings of Pennica et al and 
Konopka et al are not directed towards genes in general but to a sinele gene or genes within a 
single family and thus, their teachings cannot support a general conclusion regarding correlation 
between gene amplification and mRNA or protein levels. 

Actually, the cited reference Haynes et al, showed that " there was a general trend, 
although no strong correlation between protein [expression] and transcript levels." (see Figure 1 
and page 1863, paragraph 2.1, last line). Therefore, when the proper legal standard is used, 
Haynes clearly supports the Appellants' position. This is all that's needed to meet the "more 
likely than not" evidentiary standard. Again, accurate prediction is not the standard . Therefore, 
a prima facie case of lack of utility has not been met based on the cited references Pennica et al, 
Konopka et al and Haynes et al 

Further, Appellants respectfully submit that, contrary to the Examiner's assertion, the 
cited Hu et al reference, which was previously discussed in the response filed June 13, 2005, 
does not conclusively establish a prima facie case for lack of utility for the PRO 1009 molecule. 
The Hu et al reference is entitled "Analysis of Genomic and Proteomic Data using Advanced 
Literature Mining" (emphasis added). Therefore, as the title itself suggests, the conclusions in 
this reference are based upon statistical analysis of information obtained from published 
literature, and not from experimental data. Hu et al performed statistical analysis to provide 
evidence for a relationship between mRNA expression and biological function of a given 
molecule (as in disease). The conclusions of Hu et al, however, only apply to a specific type of 
breast tumor (estrogen receptor (ER)-positive breast tumor) and cannot be generalized to breast 
cancer genes in general, let alone to cancer genes in general. Interestingly, the observed 
correlation was only found among ER-positive (breast) tumors not ER-negative tumors." (See 
page 412, left column). 

Moreover, the analytical methods utilized by Hu et al have certain statistical drawbacks, 

as the authors themselves admit. For instance, according to Hu et al, "different statistical 

methods" were applied to "estimate the strength of gene-disease relationships and evaluated the 

results " (See page 406, left column, emphasis added). Using these different statistical methods, 

Hu et al "[a]ssessed the relative strengths of gene-disease relationships based on the frequency 

of both co-citation and single citation." (See page 411, left column). As is well known in the 
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art, different statistical methods allow different variables to be manipulated to affect the resulting 
outcome. In this regard, the authors disclose that, "Initial attempts to search the literature " using 
the list of genes, gene names, gene symbols, and frequently used synonyms generated by the 
authors "revealed several sources of false positives and false negatives." (See page 406, right 
column). The authors add that the false positives caused by "duplicative and unrelated meanings 
for the term" were "difficult to manage." Therefore, in order to minimize such false positives, 
Hu etal disclose that these terms "had to be eliminated entirely, thereby reducing the false 
positive rate but unavoidably under-representing some genes." Id. (emphasis added). Hence, Hu 
et al had to manipulate certain aspects of the input data, in order to generate, in their opinion, 
meaningful results. Further, because the frequency of citation for a given molecule and its 
relationship to disease only reflects the current research interest of a molecule, and not the true 
biological function of the molecule, as the authors themselves acknowledge, the "[Relationship 
established by frequency of co-citation do not necessarily represent a true biological link." (See 
page 411, right column). Therefore, based on these findings, the authors add, "[tjhis may reflect 
a bias in the literature to study the more prevalent type of tumor in the population. Furthermore, 
this emphasizes that caution must be taken when interpreting experiments that may contain 
subpopulations that behave very differently." Id. (Emphasis added). In other words, some 
molecules may have been underrepresented merely because they were less frequently cited or 
studied in literature compared to other more well-cited or studied genes. Therefore, Hu et al's 
conclusions are not based on genes/mRNA in general 

Therefore, Appellants submit that, based on the nature of the statistical analysis 
performed herein, and in particular, based on Hu's analysis of one class of genes, namely, the 
estrogen receptor (ER)-positive breast tumor genes, the conclusions drawn by the Examiner, 
namely that, "genes displaying a 5-fold change or less (mRNA expression) in tumors compared 
to normal showed no evidence of a correlation between altered gene expression and a known role 
in the disease (in general)" is not reliably supported. 

The Examiner further cites new references by Li an et al, Fessler et al and Chen et al in 
support of her interpretation that "protein levels cannot be accurately predicted from the level of 
the corresponding mRNA transcript." (Page 5 and 6 of the instant Final Office Action mailed 
September 7, 2005). 
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Appellants respectfully submit that Lian et al only teach that protein expression may not 
correlate mRNA level in differentiating myeloid cells and does not teach anything of such a lack 
of correlation for genes in general . In fact, the authors themselves admit that there were a 
number of problems with their data . For instance, at page 520 of this article, the authors 
explicitly express their concerns regarding the methods they utilized and the interpretation of 
their data stating that ' Ttlhese data must be considered with several caveats: me mbrane and other 
hydrophobic proteins and very basic proteins are not well displayed bv the stand ard 2DE 
approach, and proteins presented at low level will be missed. In additio n, to simplify MS 
anlvsis. we used a Coomassie dve stain rather than silver to visualize proteins, and this decreased 
the sensitivity of detection of minor proteins. " (Emphasis added). Appellants submit, as is well- 
known in the art, the Coomassie dye staining method is a very insensitive method of measuring 
protein. Therefore, the conclusions based on such measurements would hardly be considered 
accurate by the skilled artisan, or at least, would not be extrapolated to generally reflect the gene: 
mRNA/ protein relationships for proteins in general. Therefore, even if the teachings of Lian et 
al reflects a lack of correlation between the genes and mRNA/ proteins in differentiating 
myeloid cells (which Appellants submit is not a representative sample of genes in general since 
only certain genes are expressed during differentiation), their conclusions are based on a widely 
accepted, insensitive method for protein staining, namely, the Coomassie dye staining, which 
cannot be applied to genes in general. 

Similarly, in Fessler et al, Appellants submit that the PTO has overlooked a number of 
limitations in their, which the authors themselves acknowlege. For instance, Fessler et al only 
examined lipopoysaccharide-activated neutrophilins, so, as with Lian et al, only examined the 
expression level of a few proteins/RNAs in response to LPS stimulation. Fessler et al also 
concede that, since they used the Coomassie Blue dye staining method, which is known to have a 
limited protein binding range and a non-linear curve for protein detection, the resulting image 
analysis of the Coomassie Blue-stained proteins ought to be considered as semi-quantitative only 
(see page 31301, col. 1). Further, Fessler et al submit that protein identification in their study 
was done using two-dimensional PAGE but admit that the analysis was limited only to well- 
resolved regions of the gel which Fessler et al explicitly concede, tends to select for more 
abundant protein species and therefore, mav have performed les s well with hydrophobic and high 

molecular weight proteins (see page 31301, col 1). In addition, the Fessler et al paper also 
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indicates that the harvesting of the LPS-incubated PMNs at 4 hours may have prevented the , 
detection of early, transiently appearing proteins, and that the process of post-LPS incubation 
and pre-two-dimensional PAGE cell washes would expectedly remove secreted proteins from 
further analysis, perhaps contributing to the observed transcript-protein discordance. Therefore, 
the Fessler et al reference explains the reasons for their transcript-protein discordance and like 
the Lian et al reference, cannot be relied upon to make a general proposition that protein levels 
cannot be accurately predicted from mRNA levels. 

In addition, as discussed above with Fessler et al, Chen et al also concede that there are 
problems with 2D gel protein detection and therefore, cannot accurately predict protein levels . 
For instance, Chen et al says that, "(i)t is apparent that without prior enrichment only a relatively 
small and highly selected population of long-lived, highly expressed proteins is observed. There 
are many more proteins in a given cell which are not visualized by such methods. Frequently it 
is the low abundance proteins that execute key regulatory functions " (page 1870, col. 1). Thus, 
Chen et al, concede that by selecting proteins visualized by 2D gels, they are likely to have 
excluded in their analysis many key regulatory proteins which could be candidate cancer 
markers. 

However, the analysis provided by Chen et al in fact support the Appellants general 
proposition that, even if protein levels cannot be accurately predicted (which is not required by 
the utility standard), in the majority of the proteins studied, it is most likely than not that an 
increase in gene amplification or mRNA levels generally correlates well with increased protein 
levels. A review of the correlation coefficient data presented in the Chen et al paper indicates 
that, for instance, in Table 1, which lists 66 genes [the paper incorrectly states there are 69 genes 
listed] for which only one protein isoform is expressed, shows that 40 genes ou t of 66 had a 

♦ 

positive correlation between mRNA expression and protein expression . This data clearly meets 
the standard for "more likely than not". Similarly, in Table II , 30 genes with multiple isoforms 
[again the paper incorrectly states there are 29] were presented. In this case, in 22 genes out of 

4 

30, at least one isoform showed a positive correlation between mRNA expression and protein 

expression. Furthermore, 12 genes out of 29 showed a strong positive correlation [as determined 

by the authors] for at least one isoform. No genes showed a significant negative correlation. 

Thus, Table II of Chen et al. also provides that it is more likely than not that protein levels will 

correlate with mRNA expression levels. In fact, the same authors in Chen et al, published a 
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latter paper (Beer et al, Nature Medicine 8(8) 816-824 (2002)- copy enclosed) which described 
the expression of genes in adenocarcinomas as compared to protein expression. They observed 
that "these results suggest that the oligonucleotide microarrays provided reliable measures of 
gene expression" (pg 317) and further stated that "these studies indicate that many of the genes 
identified using gene expression profiles are likely relevant to lung adenocarcinoma". Therefore, 
the authors of the Chen paper clearly agreed that microarrays provided a reliable measure of the 
expression levels of the gene and could be used to identify genes whose overexpression is 
associated with tumors. 

In summary, Hu et al , Lian et al and Fessler et al do not conclusively teach that, in 
general, protein levels cannot be accurately predicted from mRNA/ gene amplification levels. 
These authors concede that either due to insensitive protein detection methods or due their 
methodologies utilized in their protocols, some protein species may have been underrepresented 
over others. Therefore, the teachings of these references cannot be relied upon to establish a 
prima facie showing of lack of utility. On the other hand, as noted even in Haynes et al and 
Chen et al, most genes showed a positive correlation between increased gene amplification, 

mRNA and translated protein. 

Appellants once again remind the Examiner that only after the Examiner has made a 
proper prima facie showing of lack of utility, does the burden of rebuttal shift to the applicant. 
Based on the above discussions, such a showing has not been made in this instance. 
Accordingly, the instant rejection should be withdrawn for the Examiner's lack of establishment 
of a prima facie showing. 

D. The Gene Amplification Data Establishes Credible, Substantial and Specific 
Patentable Utility for the PRO1009 Polypeptide 

In fact, as discussed throughout prosecution, Appellants submit that Example 170 of the 
specification further discloses that, "(amplification is associated with overexpression of the gene 
product, indicating that the polypeptides are useful targets for therapeutic intervention in certain 
cancers such as lung, colon, breast and other cancers and diagnostic determination of the 
presence of those cancers" (Emphasis added). Appellants have also submitted ample evidence to 
show that, in general, if a gene is amplified in cancer, it is "more likely than not" that the 
encoded protein will also be expressed at an elevated level. 
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For instance, Appellants presented the articles by Orntoft et aL, Hyman et aL, and 
Pollack et aL '(made of record in Appellants' Response filed June 18, 2004), who collectively 
teach that in general, for most genes, DNA amplification increases mRNA expression . The 
results presented by Orntoft et aL, Hyman et aL, and Pollack et aL are based upon wide ranging 
analyses of a large number of tumor associated genes. Orntoft et aL studied transcript levels of 
5600 genes in malignant bladder cancers,, many of which were linked to the gain or loss of 
chromosomal material, and found that in general (18 of 23 cases) chromosomal areas with more 
than 2-fold gain of DNA showed a corresponding increase in mRNA transcripts. Hyman et aL 
compared DNA copy numbers and mRNA expression of over 12,000 genes in breast cancer 
tumors and cell lines, and found that there was evidence of a prominent global influence of copy 
number changes on gene expression levels. In Pollack et aL, the authors profiled DNA copy 
number alteration across 6,691 mapped human genes in 44 predominantly advanced primary 
breast tumors and 10 breast cancer cell lines, and found that on average, a 2-fold change in DNA 
copy number was associated with a corresponding 1 .5-fold change in mRNA levels. In 
summary, the evidence supports the Appellants' position that gene amplification is more likely 
than not predictive of increased mRNA and polypeptide levels. 

Second, the Declaration of Dr. Paul Polakis (made of record in Appellants' Response 

filed June 29, 2006), principal investigator of the Tumor Antigen Project of Genentech, Inc., the 

assignee of the present application, explains that in the course of Dr. Polakis* research using 

microarray analysis, he and his co-workers identified approximately 200 gene transcripts that are 

present in human tumor cells at significantly higher levels than in corresponding normal human 

cells. Appellants submit that Dr. Polakis' Declaration was presented to support the position that 

there is a correlation between mRNA levels and polypeptide levels, the correlation between gene 

amplification and mRNA levels having already been established by the data shown in the Orntoft 

et aL, Hyman et aL, and Pollack et aL articles. Appellants further emphasize that the opinions 

expressed in the Polakis Declaration, including in the above quoted statement, are all based on 

factual findings. For instance, antibodies binding to about 30 of these tumor antigens were 

prepared, and mRNA and protein levels were compared. In approximately 80% of the cases, the 

researchers found that increases in the level of a particular mRNA correlated with changes in the 

level of protein expressed from that mRNA when human tumor cells are compared with their 

corresponding normal cells . Therefore, Dr. Polakis' research, which is referenced in his 
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Declaration, shows that, in general there is a correlation between increased mRNA and 
polypeptide levels . Hence, one of skill in the art would reasonably expect that, based on the gene 
amplification data of the PRO 1009 gene, the PRO 1009 polypeptide is concomitantly 
overexpressed in the colon tumors studied as well. 

Appellants further note that the sale of gene expression chips to measure mRNA levels is 
a highly successful business, with a company such as Affymetrix recording 168.3 million dollars 
in sales of their GeneChip® arrays in 2004. Clearly, the research community believe that the 
information obtained from these chips is useful (i.e., that it is more likely than not that the results 
are informative of protein levels). 

The Examiner appears to disregard the ample evidence provided in the above referenced 
articles based on misinterpretations of their teachings. The "more likely than not" standard is a 
much lower standard than a "necessary" correlation or "accurate" prediction, and Appellants 
submit that in fact, this standard is clearly met by the instant disclosure, and furthermore, the 
Declarations and the articles by the Appellants lend significant support to the fact that for an 
amplified gene, it is more likely than not that the protein will also be overexpressed. Moreover, 
the Examiner's cited references do not present a prima facie case of lack of utility, as discussed 
above. 

Thus, based on the asserted utility for PRO1009 in the diagnosis of selected colon 
tumors, the reduction to practice of the instantly claimed protein sequence of SEQ ID NO: 194 in 
the present application, the disclosure of the step-by-step protocols for making chimeric PRO 
polypeptides, including those wherein the heterologous polypeptide is an epitope tag or an Fc 
region of an immunoglobulin in the specification (at page 374, lines 24 to page 375, line 9), the 
disclosure of a step-by-step protocol for making and expressing PRO 1009 in appropriate host 
cells (in Examples 140-143 and page 376, line 12), the step-by-step protocol for the preparation, 
isolation and detection of monoclonal, polyclonal and other types of antibodies against the 
PRO 1009 protein in the specification (at pages 390-395) and the disclosure of the gene 
amplification assay in Example 170, the skilled artisan would know exactly how to make and use 
the claimed polypeptide for the diagnosis of colon cancers. Appellants submit that based on the 
detailed information presented in the specification and the advanced state of the art in oncology, 
the skilled artisan would have found such testing routine and not 'undue'. 
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Therefore, Appellants respectfully request reconsideration and reversal of this 
outstanding rejections under 35 U.S.C. §101 and §112, First Paragraph to Claims 119-126 and 
129-131. 

ISSUE 2: Claims 119-123, 130 and 131 Satisfy the Written Description Requirement of 35 
U.S.C $112, First Paragraph 

Claims 1 19-123, 130 and 131 stand rejected under 35 U.S.C. §112, first paragraph, as 
allegedly containing "subject matter which was not described in the specification in such a way 
as to reasonably convey to one skilled in the relevant art that the inventor(s), at the time the 
application was filed, had possession of the claimed invention." In particular, the Examiner has 
asserted that "the specification does not (disclose) any variants of SEQ ID NO: 194, naturally 
occurring or not, nor whether such sequences are amplified in colon tumors" (Page 14, Final 
Office Action mailed September 7, 2005). The Examiner also cites Fiers v. Revel, 25 
U.S.P.Q.2& 1601 (Fed. Cir. 1993) and Fiddes v. Baird, 30 U.S.P.Q2& 1481, 1483 (1993) to show 
that . 

Appellants respectfully disagree. 

A. The Legal Test for Written Description 

The well-established test for sufficiency of support under the written description 
requirement of 35 U.S.C. §112, first paragraph is "whether the disclosure of the application as 
originally filed reasonably conveys to the artisan that the inventor had possession at that time of 
the later claimed subject matter, rather than the presence or absence of literal support in the 

specification for the claim language." 18 '* 9 The adequacy of written description support is a 

20 

factual issue and is to be determined on a case-by-case basis. The factual determination in a 



In reKaslow, 707 F.2d 1366, 1374, 212 U.S.P.Q. 1089, 1096 (Fed. Cir. 1983). 

19 See also Vas-Cath, Inc. v. Mahurkar, 935 F.2d at 1563, 19 U.S.P.Q.2d at 1 1 16 (Fed. 
Cir. 1991). 

20 

See e.g., Vas-Cath, 935 F.2d at 1563; 19 U.S.P.Q.2d at 1116. 
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written description analysis depends on the nature of the invention and the amount of knowledge 

21 22 

imparted to those skilled in the art by the disclosure. ' 

23 

In Environmental Designs, Ltd. v. Union Oil Co., the Federal Circuit held, "Factors that 
may be considered in determining level of ordinary skill in the art include: (1) the educational 
level of the inventor; (2) type of problems encountered in the art; (3) prior art solutions to those 
problems; (4) rapidity with which innovations are made; (5) sophistication of the technology; 

24 

and (6) educational level of active workers in the field." Further, the "hypothetical person 
having ordinary skill in the art' to which the claimed subject matter pertains would, of necessity 
have the capability of understanding the scientific and engineering principles applicable to the 

25 26 

pertinent art ." ' 

B. The Disclosure Provides Sufficient Written Description for the Claimed 
Invention 

Appellants respectfully submit that the instant specification evidences the actual 
reduction to practice of the native amino acid sequence of SEQ ID NO: 194. Support for "native 
sequences" can be found in the instant specification at least at page 304, line 26. Appellants also 
submit that the specification provides ample written support for determining percent sequence 
identity between two amino acid sequences (See pages 306-308, line 14 onwards). In fact, the 
specification teaches specific parameters to be associated with the term "percent identity" as 
applied to the present invention. The specification further provides detailed guidance as to 
changes that may be made to a PRO polypeptide without adversely affecting its activity 

21 Union Oil v. Atlantic Richfield Co., 208 F.2d 989, 996 (Fed. Cir. 2000). 

22 See also M.P.E.P. §2163 11(A). 

23 713 F.2d 693, 696, 218 U.S.P.Q. 865, 868 (Fed. Cir. 1983), cert denied, 464 U.S. 
1043 (1984). 

24 See also M.P.E.P. §2141.03. 

25 Ex parte Hiyamizu, 10 U.S.P.Q.2d 1393, 1394 (Bd. Pat. App. & Inter. 1988) (emphasis 

added). 

26 

See also M.P.E.P. §2141.03. 
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(page 372, line 36 to page 373, line 17). This guidance includes a listing of exemplary and 
preferred substitutions for each of the twenty naturally occurring amino acids (Table 6, 
page 372). Accordingly, one of skill in the art could identify whether the variant PRO1009 
sequence falls within the parameters of the claimed invention. Once such an amino acid 
sequence was identified, the specification sets forth methods for making the amino acid 
sequences (see page 376, line 9) and methods of preparing the PRO polypeptides (see 
Examples 140-143). 

Currently pending Claims 1 19-123 and 130-131 recite the functional recitation that the 
nucleic acid encoding the claimed polypeptides are amplified in colon tumors. Appellants 
further submit that the specification provides ample written support for detecting and quantifying 
amplification of such nucleic acids in several tumors and/or cell lines as described in 
Example 170. Example 170 of the present application provides step-by-step guidelines and 
protocols for the gene amplification assay. By following this disclosure, one skilled in the art 
would know that it is easy to test whether a gene encoding a variant PRO 1009 protein is 
amplified in colon tumors by the methods set forth in Example 170. 

Appellants refer to the arguments and information presented above in response to the 
outstanding rejections under 35 U.S.C. §101 and 35 U.S.C. §112, first paragraph, for alleged lack 
of utility and enablement. These arguments are incorporated by reference herein. Appellants 
respectfully submit that as discussed above under Issue I, the teachings in the art, as exemplified 
by Orntoft et al, Hyman et al, Pollack et al, and the Polakis Declaration, overwhelmingly show 
that gene amplification influences gene expression at the mRNA and protein levels. Thus, the 
amplification of the encoding polynucleotide in tumors does provide useful information 
regarding the functional property of the polypeptide in being overexpressed in tumor tissues. 

Appellants further respectfully submit that whether or not the polypeptide is also 
overexpressed in tumor tissues is irrelevant to the consideration of adequate written description. 
The claims have characterized the recited polypeptides as having the property that their encoding 
polynucleotides are amplified in colon tumors. As discussed above, the specification describes 
methods for identifying genes which are amplified in colon tumors. Therefore, one of skill in the 
art could readily test a nucleic acid sequence which encodes a variant polypeptide to determine 
whether it is amplified by the methods set forth in Example 170.. Thus, the recited property of 
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amplification of the encoding gene adds to the characterization of the claimed polypeptide 
sequences in a manner that one of skill in the art could readily assess and understand. 

Applicants respectfully submit that the issue is whether the claimed sequences are 
adequately described. Appellants respectfully submit that the full-length sequence of PRO 1009 
is clearly provided in the specification. The Examiner has acknowledged that the specification 
discloses the full-length sequence of SEQ ID NO: 194 and that polypeptides comprising the 
sequence set forth in SEQ ID NO: 194 meet the written description provision of 35 ILS.C. §112, 

first paragraph. * 

Secondly, Appellants submit that the court in Fiers v. Revel held that "[i]f a conception of 
a DNA requires a precise definition, such as by structure, formula, chemical name, or physical 
properties, as we have held, then a description also requires that degree of specificity." Fiers, 
984 F.2d at 1 171. Since the instant claims are directed to polypeptides , Fiers is distinguished on 
the facts and does not apply. Similarly, the Fiddes decision holds that naturally-occurring gene 
sequences cannot be patented unless the actual sequence is clearly disclosed in the patent 
application. Again, since the instant claims are directed to polypeptides , Fiddes is distinguished 
on the facts and does not apply. 

In Fiddes v. Baird, the Board of Patent Appeals and Interferences held that party Fiddes' 
claims to a human gene for basic fibroblast growth factor were separately patentable over party 
Baird's issued and pending claims specifying a sequence encoding "mammalian" basic fibroblast 
growth factor. Party Baird's issued patent disclosed the amino acid sequence that had been 
isolated from bovine pituitary and a theoretical DNA sequence encoding it. Party Baird's 
pending claims were from a continuation-in-part application disclosing the naturally-occurring 
coding sequence for bovine fibroblast growth factor. Between the filing of the first application 
and the continuation-in-part application, DNA sequences anticipating claims to the naturally- 
occurring human fibroblast growth factor were published. Party Baird argued that the published 
sequence could not be used as prior art because it was entitled to the filing date of the first 
application. 

The Board held that party Baird was not entitled to the filing date of the first application 

of its claims to the mammalian DNA sequence because it did not set out specific DNA sequences 

of naturally-occurring mammalian genes in the first application. Therefore, the first application 

did not meet the "written description" for the specific DNA sequences of naturally-occurring 
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mammalian genes. The Board added that party Baird was not in possession of the naturally 
occurring bovine gene at the time of filing the first application even though its encoded amino 

acid sequence was known. 

Appellants respectfully submit that in the present application, Appellants have clearly 
disclosed the full-length sequence of SEQ ID NO: 194 and its encoding nucleic acid sequence 
SEQ ID NO: 193 . In addition, one of skill in the art could identify whether the variant PRO 1009 
sequence falls within the parameters of the claimed invention. Furthermore, as mentioned above, 
since the instant claims are directed to polypeptides. Fiddes is distinguished on the facts and does 
not apply. Accordingly, the Examiner's assertion that Appellants provide no written description 
in the specification for any other species of PRO 1009 molecules is based on the incorrect 

* 

interpretation of the holding in the Fiddes case. 

More recently, in Enzo Biochem., Inc. v. Genprobe, Inc. 296 F.3d 1316 (Fed. Cir. 2002), 
the court adopted the standard that "the written description requirement can be met by showing 
that the invention is complete by disclosure of sufficiently detailed, relevant identifying 
characteristics, . . . i.e., complete or partial structure, other physical and/or chemical properties, 
functional characteristics when coupled with a known or disclosed correlation between function 
and structure, or some combination of such characteristics." Id. at 1324. While the invention in 
Enzo was still a DNA, the holding has been treated as being applicable to proteins as well. 
Indeed, the court adopted the standard from the USPTO's Written Description Examination 
Guidelines, which apply to both proteins and nucleic acids. 

Accordingly, current applicable case law holds that biological sequences are not 
adequately described solely by a description of their desired functional activities. The instant 
claims meet the standard set by the Enzo court in that the claimed sequences are defined not only 
by functional properties, but also by structural limitations. It is well established that a 
combination of functional and structural features may suffice to describe a claimed genus. "An 
applicant may also show that an invention is complete by disclosure of sufficiently detailed, 
relevant identifying characteristics which provide evidence that applicant was in possession of 
the claimed invention, i.e., complete or partial structure, other physical and/or chemical 
properties, functional characteristics when coupled with a known or disclosed correlation 
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between function and structure, or some combination of such characteristics." Thus, the genus 
of polypeptides with at least 80-99% sequence identity to SEQ ID NO: 194, which possess the 
functional property of having a nucleic acid which is amplified in colon tumor would meet the 
requirement of 35 U.S.C. §112, first paragraph, as providing adequate written description. 
Accordingly, one skilled in the art would have known that Appellants had knowledge and 
possessed the claimed polypeptides with 80-99% sequence identity to SEQ ID NO: 194 whose 
encoding nucleic acids were amplified in colon tumors. The recited property of amplification of 
the encoding gene adds to the characterization of the claimed polypeptide sequences in a manner 
that one of skill in the art could readily assess and understand. As discussed above, Appellants 
have recited structural features, namely, 80-99% sequence identity to SEQ ID NO: 194, which 
are common to the genus. Appellants have also provided guidance as to how to make the recited 
variants of SEQ ID NO: 194, including listings of exemplary and preferred sequence 
substitutions. The genus of claimed polypeptides is further defined by having a specific 
functional activity for the encoding nucleic acids. Accordingly, a description of the claimed 
genus has been achieved. 

Accordingly, Appellants respectfully request reconsideration and reversal of the written 
description rejection of Claims 1 19-123 and 130-131 under 35 U.S.C. §112, first paragraph. 



27 M.P.E.P. §2163 11(A)(3)(a). 
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CONCLUSION 



For the reasons given above, Appellants submit that present specification clearly 
describes, details and provides a patentable utility for the claimed invention. Moreover, it is 
respectfully submitted that based upon this disclosed patentable utility, the present specification 
clearly teaches "how to use" the presently claimed polypeptide. As such, Appellants respectfully 
request reconsideration and reversal of the outstanding rejection of Claims 119-126 and 129-131. 

The Commissioner is authorized to charge any fees which may be required, including 
extension fees, or credit any overpayment to Deposit Account No. 08-1641 (referencing 
Attorney's Docket No. 39780-2730 P1C1U 



HELLER EHRMAN LLP 

275 Middlefield Road 
Menlo Park, California 94025-3506 
Telephone: (650) 324-7000 
Facsimile: (650) 324-0638 



Respectfully submitted, 



Date: June 13,2007 




Daphne Reddy (Reg. No. 53,507) 
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VIII. CLAIMS APPENDIX 

Claims on Appeal 

119. An isolated native sequence polypeptide having at least 80% amino acid sequence 
identity to: 

(a) the amino acid sequence of the polypeptide of SEQ ID NO: 194; 

(b) the amino acid sequence of the polypeptide of SEQ ID NO: 194, lacking its 

associated signal peptide; 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 209977, 

wherein, the nucleic acid encoding said polypeptide is amplified in colon tumors. 

* 

120. The isolated native sequence polypeptide of Claim 119 having at least 85% amino 
acid sequence identity to: 

(a) the amino acid sequence of the polypeptide of SEQ ID NO: 194; 

(b) the amino, acid sequence of the polypeptide of SEQ ID NO: 194, lacking its 

associated signal peptide; 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 209977, 

wherein, the nucleic acid encoding said polypeptide is amplified in colon tumors. 

121. The isolated native sequence polypeptide of Claim 1 1 9 having at least 90% amino 

acid sequence identity to: 

(a) the amino acid sequence of the polypeptide of SEQ ID NO: 1 94; 

(b) the amino acid sequence of the polypeptide of SEQ ID NO: 194, lacking its 

associated signal peptide; 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 209977, 

wherein, the nucleic acid encoding said polypeptide is amplified in colon tumors. 

122. The isolated native sequence polypeptide of Claim 119 having at least 95% amino 

acid sequence identity to: 

(a) the amino acid sequence of the polypeptide of SEQ ID NO: 1 94; 
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(b) the amino acid sequence of the polypeptide of SEQ ID NO: 194, lacking its 

feA sienal nentide: 



associated signal peptide; 



(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 209977, 

wherein, the nucleic acid encoding said polypeptide is amplified in colon tumors. 

123. The isolated native sequence polypeptide of Claim 1 19 having at least 99% amino 

acid sequence identity to: 

(a) the amino acid sequence of the polypeptide of SEQ ID NO: 194; 

(b) the amino acid sequence of the polypeptide of SEQ ID NO: 194, lacking its 

associated signal peptide, 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 209977, 

wherein, the nucleic acid encoding said polypeptide is amplified in colon tumors. 

1 24. An isolated polypeptide comprising: 

(a) the amino acid sequence of the polypeptide of SEQ ID NO: 194; 

(b) the amino acid sequence of the polypeptide of SEQ ID NO: 194, lacking its 

associated signal peptide, 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 

sequence of the cDNA deposited under ATCC accession number 209977, 

wherein, the nucleic acid encoding said polypeptide is amplified in colon tumors. 

125. The isolated polypeptide of Claim 124 comprising the amino acid sequence of 
the polypeptide of SEQ ID NO: 194. 

126. The isolated polypeptide of Claim 124 comprising the amino acid sequence of the 
polypeptide of SEQ ID NO: 194, lacking its associated signal peptide. 

129. The isolated polypeptide of Claim 124 comprising the amino acid sequence of 
the polypeptide encoded by the full-length coding sequence of the cDNA deposited under ATCC 
accession number 209977. 
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130. A chimeric polypeptide comprising a polypeptide according to Claim 124 fused to 
a heterologous polypeptide. 

131. The chimeric polypeptide of Claim 130, wherein said heterologous polypeptide is 
an epitope tag or an Fc region of an immunoglobulin. 
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Sir: 

1, Audrey D. Goddard, PkD. do hereby declare and say as follows: 

1 . I am a Senior Clinical Scientist at the Experimental Medicine/BioOncology, Medical 
Affairs Department of Genentech, Inc., South San Francisco, California 94080. 

2. Between 1 993 and 200 1 , 1 headed the DNA Sequencing Laboratory at the Molecular 
Biology Department of Genentech, Inc. During this time, my responsibilities included the 
identification and characterization of genes contributing to the oncogenic process, and determination 
of the chromosomal localization of novel genes. 

3 . My scientific Curriculum Vitae, including my list of publications, is attached to and 
forms part of this Declaration (Exhibit A). 



5 



Serial No.: * 
Filed: * 



4. I am familiar with a variety of techniques known in the art for detecting and 
quantifying the amplification of oncogenes in cancer, including the quantitative TaqMan PCR (i.e., 
"gene amplification") assay described in the above captioned patent application. 

5. The TaqMan PCR assay is described, for example, in the following scientific 
publications: Higuchi et al, Biotechnology 10:413-417 (1992) (Exhibit B); Livak et al, PCR 
Methods AroL 4:357-362 (1995) (Exhibit C> and Heid et al, Genome Res. 6:986-994 (1996) 
(Exhibit D). Briefly, the assay is based on the principle that successful PCR yields a fluorescent 
signal due to Taq DNA polymerase-mediated exonuclease digestion of a fluorescently labeled 
oligonucleotide that is homologous to a sequence between two PCR primers. The extent of 
digestion depends directly on the amount of PCR, arid can be quantified accurately by measuring the 
increment in fluorescence that results from decreased energy transfer. This is an extremely sensitive 
technique, which allows detection in the exponential phase of the PCR reaction and, as a result, 
leads to accurate determination of gene copy number. 

6. The quantitative fluorescent TaqMan PCR assay has been extensively and 
successfully used to characterize genes involved in cancer development and progression. 
Amplification of protooncogenes has been studied in a variety of human tumors, and is widely 
considered as having etiological, diagnostic and prognostic significance. This use of the quantitative 
TaqMan PCR assay is exemplified by the following scientific publications: Pennica et al, Proc. 
Natl. Acad. Sci. USA 95(25): 147 17- 14722 (1998) (Exhibit E); Pitti et al, Nature 
396(6712):699-703 (1998) (Exhibit F) and Bieche et al, Int. J. Cancer 78:661-666 (1998) (Exhibit 
G), the first two of which I am co-author. In particular, Pennica et al have used the quantitative 
TaqMan PCR assay to study relative gene amplification of WISP and c-myc in various cell lines, 
colorectal tumors and normal mucosa. Pitti et al studied the genomic amplification of a decoy 
receptor for Fas ligand in lung and colon cancer, using the quantitative TaqMan PCR assay. Bieche 
et al used the assay to study gene amplification in breast cancer. 
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7. It is my personal experience that the quantitative TaqMan PCR technique is 
technically sensitive enough to detect at least a 2-fold increase in gene copy number relative to 
control. It is further my considered scientific opinion that an at least 2-fold increase in gene copy 
number in a tumor tissue sample relative to a normal (i.e., non-tumor) sample is significant and 
useful in that the detected increase in gene copy number in the tumor sample relative to the normal 
sample serves as a basis for using relative gene copy number as quantitated by the TaqMan PCR 
technique as a diagnostic marker for the presence or absence of tumor in a tissue sample of unknown 
pathology. Accordingly, a gene identified as being amplified at least 2-fold by the quantitative 
TaqMan PCR assay in a tumor sample relative to a normal sample is useful as a marker for the 
diagnosis of cancer, for monitoring cancer development and/or for measuring the efficacy of cancer 
therapy. 

8. I declare further that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true. I declare that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 

Date Audrey D. Goddard, Ph.D. 
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Genentech, Inc. 
1 DNA Way 

South San Francisco, CA, 94080 
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goddarda@gene.com 



110 Congo St. 

San Francisco, CA, 94131 

415.841.9154 

415.819.2247 (mobile) 

agoddard@pacbell.net 



PROFESSIONAL EXPERIENCE 



Genentech, Inc. 



1993-present 



South San Francisco, CA 

2001 - present Senior Clinical Scientist 

Experimental Medicine / BioOncology, Medical Affairs 

Responsibilities: 

• Companion diagnostic oncology products 

• Acquisition of clinical samples from Genentech's clinical trials for translational research 

• Translational research using clinical specimen and data for drug development and 
diagnostics 

• Member of Development Science Review Committee, Diagnostic Oversight Team, 21 CFR 
Part 1 1 Subteam 

Interests: 

• Ethical and legal implications of experiments with clinical specimens and data 

• Application of pharmacogenomics in clinical tnals 



1998 - 2001 Senior Scientist 

Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities: 

• Management of a laboratory of up to nineteen -including postdoctoral fellow, associate 
scientist, senior research associate and research assistants/associate levels 

• Management of a $750K budget 

• DNA sequencing core facility supporting a 350+ person research facility. 

• DNA sequencing for high throughput gene discovery, - ESTs, cDNAs, and constructs 

• Genomic sequence analysis and gene identification 

• DNA sequence and primary protein analysis 

Research: 

• Chromosomal localization of novel genes 

• Identification and characterization of genes contributing to the oncogenic process 

• Identification and characterization of genes contributing to inflammatory diseases 

• Design and development of schemes for high throughput genomic DNA sequence analysis 

• Candidate gene prediction and evaluation 
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1993-1998 



Scientist 



Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities 

• DNA sequencing core facility supporting a 350+ person research facility 

• Assumed responsibility for a pre-existing team of five technicians and expanded the group 
into fifteen, introducing a level of middle management and additional areas of research 

• Participated in the development of the basic plan for high throughput secreted protein 
discovery program - sequencing strategies, data analysis and tracking, database design 

• High throughput EST and cDNA sequencing for new gene identification. 

• Design and implementation of analysis tools required for high throughput gene identification. 

• Chromosomal localization of genes encoding novel secreted proteins. 

Research: 

• Genomic sequence scanning for new gene discovery. 

• Development of signal peptide selection methods. - 

• Evaluation of candidate disease genes. 

• Growth hormone receptor gene SNPs in children with Idiopathic short stature 

Imperial Cancer Research Fund 1989-1992 
London, UK with Dr. Ellen Solomon 

6/89-12/92 Postdoctoral Fellow 

• Cloning and characterization of the genes fused at the acute promyelocytic leukemia 
translocation breakpoints on chromosomes 17 and 15. 

• Prepared a successfully funded European Union multi-center grant application 

McMaster University 1983 
Hamilton, Ontario, Canada with Dr. G. D. Sweeney 

5/83 - 8/83: NSERC Summer Student 

• In vitro metabolism of p-naphthoflavone in C57BI/6J and DBA mice 



EDUCATION 



Ph.D. 

"Phenotypic and genotypic effects of mutations in 
the human retinoblastoma gene." 
Supervisor: Dr. R. A. Phillips 



University of Toronto 
Toronto, Ontario, Canada. 
Department of Medical 
Biophysics. 



1989 



Honours B.Sc 

"The in vitro metabolism of the cytochrome P-448 
inducer p-naphthoflavone in C57BL/6J mice." 
Supervisor: Dr. G. D. Sweeney 



McMaster University, 
Hamilton, Ontario, Canada. 
Department of Biochemistry 



1983 
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ACADEMIC AWARDS 



Imperial Cancer Research Fund Postdoctoral Fellowship 

Medical Research Council Studentship 

NSERC Undergraduate Summer Research Award 

Society of Chemical Industry Merit Award (Hons. Biochem.) 

Dr. Harry Lyman Hooker Scholarship 

J.L.W. Gill Scholarship 

Business and Professional Women's Club Scholarship 
Wyerhauser Foundation Scholarship 



1981-1983 
1981-1982 
1980-1981 
1979-1980 



1989-1992 
1983-1988 
1983 



1983 



INVITED PRESENTATIONS 

Genentech's genfe discovery pipeline: High throughput identification, cloning and 
characterization of novel genes. Functional Genomics: From Genome to Function, Litchfield 
Park, AZ, USA. October 2000 

High throughput identification, cloning and characterization of novel genes. G2K:Back to 
Science, Advances in Genome Biology and Technology I. Marco Island, FL, USA. February 



Quality control in DNA Sequencing: The use of Phred and Phrap. Bay Area Sequencing 
Users Meeting, Berkeley, CA, USA. April. 1999 ' 

High throughput secreted protein identification and cloning. Tenth International Genome 
Sequencing and Analysis Conference, Miami, FL, USA. September 1998 

The evolution of DNA sequencing: The Genentech perspective. Bay Area Sequencing Users 
Meeting, Berkeley, CA, USA. May 1998 

Partial Growth Hormone Insensitivity: The role of GH-receptor mutations in Idiopathic Short 
Stature. Tenth Annual National Cooperative Growth Study Investigators Meeting, San 
Francisco, CA, USA. October, 1996 

Growth hormone (GH) receptor defects are present in selected children with non-GH-deficient 
short stature: A molecular basis for partial GH-insensitivity. 76 th Annual Meeting of The 
Endocrine Society, Anaheim, CA, USA. June 1994 

A previously uncharacterized gene, myl, is fused to the retinoic acid receptor alpha gene in . 
acute promyelocyte leukemia. XV International Association for Comparative Research on 
Leukemia and Related Disease, Padua, Italy. October 1991 



2000 



V 
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PATENTS 

Goddard A, Godowski PJ, Gurney AL NL2 Tie ligand homologue polypeptide. Patent 
Number: 6,455,496. Date of Patent: Sept. 24, 2002. 

Goddard A, Godowski PJ and Gurney AL NL3 Tie ligand homologue nucleic acids. Patent 
Number: 6,426,218. Date of Patent: July 30, 2002. 

Godowski P, Gurney A, Hillan KJ, Botstein D, Goddard A, Roy M, Ferrara N, Tumas D, 
Schwall R. NL4 Tie ligand homologue nucleic acid. Patent Number: 6,4137,770. Date of 
Patent: July 2, 2002. 

Ashkenazi A, Fong S, Goddard A, Gurney AL, Napier MA, Tumas D, Wood Wl. Nucleic acid 
encoding A-33 related antigen poly peptides. Patent Number: 6,410,708. Date of Patent:: 
Jun. 25, 2002. 

Botstein DA, Cohen RL, Goddard AD, Gurney AL, Hillan KJ, Lawrence DA, Levine AJ, 
Pennica D, Roy MA and Wood Wl. WISP polypeptides and nucleic acids encoding same. 
Patent Number: 6,387,657. Date of Patent: May 14, 2002. 

Goddard A, Godowski PJ and Gurney AL/ Tie ligands. Patent Number: 6,372,491. Date of 
Patent: April 16, 2002. 

Godowski PJ, Gurney AL, Goddard A and Hillan K. TIE ligand homologue antibody. Patent 
Number: 6,350,450. Date of Patent: Feb. 26, 2002. 

Fong S, Ferrara N, Goddard A, Godowski PJ, Gurney AL, Hillan K and Williams PM. Tie 
receptor tyrosine kinase ligand homologues. Patent Number: 6,348,351 . Date of Patent: 
Feb. 19, 2002. 

Goddard A, Godowski PJ and Gurney AL. Ligand homologues. Patent Number: 6,348,350. 
Date of Patent: Feb. 19, 2002. 

Attie KM, Carlsson LMS, Gesundheit N and Goddard A. Treatment of partial growth 
hormone insensitivity syndrome. Patent Number: 6,207,640. Date of Patent: March 27, 
2001. 

Fong S, Ferrara N, Goddard A, Godowski PJ, Gurney AL, Hillan K and Williams PM. Nucleic 
acids encoding NL-3. Patent Number: 6,074,873. Date of Patent: June 13, 2000 

Attie K, Carlsson LMS, Gesunheit N and Goddard A. Treatment of partial growth hormone 
insensitivity syndrome. Patent Number: 5,824,642. Date of Patent: October 20, 1998 

(Attie K t Carlsson LMS, Gesunheit N and Goddard A. Treatment of partial growth hormone 
insensitivity syndrome. Patent Number: 5,646,1 13. Date of Patent: July 8, 1997 

Multiple additional provisional applications filed 
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PUBLICATIONS 

Seshasayee D, Dowd P, Gu Q, Erickson S, Goddard AD Comparative sequence analysis of 
the HER2 locus in mouse and man. Manuscript in preparation. 

Abuzzahab MJ, Goddard A, Grigorescu F, Lautier C, Smith RJ and Chernausek SD. Human 
IGF-1 receptor mutations resulting in pre- and post-natal growth retardation. Manuscript in 
preparation. 

Aggarwal S, Xie, M-H, Foster J, Frantz G t Stinson J, Corpuz RT, Simmons L, Hillan K t 
Yansura DG, Vandlen RL, Goddard AD and Gurney AL. FHFR, a novel receptor for the 
fibroblast growth factors. Manuscript submitted. 

Adams SH, Chui C, Schilbach SL, Yu XX, Goddard AD, Grimaldi JC, Lee J, Dowd P, Colman 
S., Lewin DA. (2001) BFIT, a unique acyl-CoA thioesterase induced in thermogenic brown 
adipose tissue: Cloning, organization of the human gene, and assessment of a potential link 
to obesity. Biochemical Journal 360: 135-142. 

Lee J. Ho WH. Maruoka M. Corpuz RT. Baldwin DT. Foster JS. Goddard AD. Yansura DG. 
Vandlen RL. Wood Wl. Gurney AL. (2001) IL-17E, a novel proinflammatory ligand for the IL- 
17 receptor homolog IL-17Rh1 . Journal of Biological Chemistry 276(2): 1660-1664. 

Xie M-H, Aggarwal S f Ho W-H, Foster J, Zhang Z, Stinson J, Wood Wl, Goddard AD and 
Gurney AL. (2000) Interleukin (IL)-22, a novel human cytokine that signals through the 
interferon-receptor related proteins CRF2t4 and IL-22R. Journal of Biological Chemistry 275: 
31335-31339. 

Weiss GA, Watanabe CK, Zhong A, Goddard A and Sidhu SS. (2000) Rapid mapping of 
protein functional epitopes by combinatorial alanine scanning. Proc. Natl. Acad. Sci. USA 97: 
8950-8954. 

Guo S, Yamaguchi Y, Schilbach S, Wada T.;Lee J, Goddard A, French D , Handa H, 
Rosenthal A. (2000) A regulator of transcriptional elongation controls vertebrate neuronal 
development. Nature 408: 366-369. 

Yan M, Wang L-C, Hymowitz SG, Schilbach S, Lee J, Goddard A, de Vos AM, Gao WQ, Dixit 
VM. (2000) Two-amino. acid molecular switch in an epithelial morphogen that regulates 
binding to two distinct receptors. Science 290: 523-527. 

Sehl PD, Tai JTN, Hillan KJ, Brown LA, Goddard A, Yang R, Jin H and Lowe DG. (2000) 
Application of cDNA microarrays in determining molecular phenotype in cardiac growth, 
development, and response to injury. Circulation 101: 1990-1999. 

Guo S, Brush J, Teraoka H, Goddard A, Wilson SW, Mullins MC and Rosenthal A. (1999) 
Development of noradrenergic neurons in the zebrafish hindbrain requires BMP, FGF8, and 
the homeodomain protein soulless/Phox2A. Neuron 24: 555-566. 

Stone D, Murone, M, Luoh, S, Ye W, Armanini P, Gurney A, Phillips HS, Brush, J, Goddard 
A, de Sauvage FJ and Rosenthal A. (1999) Characterization of the human suppressor of 
fused; a negative regulator of the zinc-finger transcription factor Gli. J. Cell Sci. 112: 4437- 
4448. 

Xie M-H f Holcomb I, Deuel B, Dowd P, Huang A, Vagts A, Foster J, Liang J, Brush J, Gu Q, 
Hillan K, Goddard A and Gurney, A.L. (1999) FGF-19, a novel fibroblast growth factor with 
unique specificity for FGFR4. Cytokine 11: 729-735. 
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Yan M t Lee J t Schilbach S, Goddard A and Dixit V. (1999) mE10, a novel caspase 
recruitment domain-containing proapoptotic molecule. J. Biol. Chem. 274(15): 10287-10292. 

Gurney AL, Marsters SA, Huang RM, Pitti RM, Mark DT, Baldwin DT, Gray AM, Dowd P, 
Brush J, Heldens S, Schow P, Goddard AD, Wood.WI, Baker KP, Godowski PJ and 
Ashkenazi A. (1999) Identification of a new member of the tumor necrosis factor family and its 
receptor, a human ortholog of mouse GITR. Current Biology 9(4): 215-218. 

Ridgway JBB, Ng E, Kern JA ,Lee J, Brush J, Goddard A and Carter P. (1999) Identification 
of a human anti-CD55 single-chain Fv by subtractive panning of a phage library using tumor 
and nontumor cell lines. Cancer Research 59: 2718-2723. 

Pitti RM, Marsters SA, Lawrence DA, Roy M, Kischkel FC, Dowd P, Huang A, Donahue CJ, 
Sherwood SW, Baldwin DT, Godowski PJ, Wood Wl, Gurney AL, Hillan KJ, Cohen RL, 
Goddard AD, Botstein D and Ashkenazi A. (1998) Genomic amplification of a decoy receptor 
for Fas ligand in lung and colon cancer. Nature 396(6712): 699-703. 

Pennica D, Swanson TA, Welsh JW, Roy MA, Lawrence DA, Lee J, Brush J, Taneyhill LA, 
Deuel B, Lew M, Watanabe C, Cohen RL, Melhem MF, Finley GG, Quirke P, Goddard AD, 
Hillan KJ, Gurney AL, Botstein D and Levine AJ. (1998) WISP genes are members of the 
connective tissue growth factor family that are up-regulated in wnt-1 -transformed cells and 
aberrantly expressed in human colon tumors. Proc. Natl. Acad. Sci. USA. 95(25): 14717- 
14722. 

Yang RB, Mark MR, Gray A, Huang A, Xie MH, Zhang M, Goddard A, Wood Wl, Gurney AL 
and Godowski PJ. (1998) Toll-like receptor-2 mediates lipopolysaccharide-induced cellular 
signalling. Nature 395(6699): 284-288. 

Merchant AM, Zhu Z, Yuan JQ, Goddard A, Adams CW, Presta LG and Carter P. (1998) An 
efficient^route to human bispecific IgG. Nature Biotechnology 16(7): 677-681 . 

Marsters SA, Sheridan JP, Pitti RM, Brush J, Goddard A and Ashkenazi A. (1998) 
Identification of a ligand for the death-domain-containing receptor Apo3. Current Biology 8(9): 
525-528. 

Xie J, Murone M, Luoh SM, Ryan A, Gu Q, Zhang C, Bonifas JM, Lam CW, Hynes M, 
Goddard A, Rosenthal A, Epstein EH Jr. and de Sauvage FJ. (1998) Activating Smoothened 
mutations in sporadic basal-cell carcinoma. Nature. 391(6662): 90-92. 

Marsters SA, Sheridan JP, Pitti RM, Huang A, Skubatch M, Baldwin D, Yuan J, Gurney A, 
Goddard AD, Godowski P and Ashkenazi A. (1997) A novel receptor for Apo2L/TRAIL 
contains a truncated death domain. Current Biology. 7(1 2): 1 003-1006. 

Hynes M, Stone DM, Dowd M, Pitts-Meek S, Goddard A, Gurney A and Rosenthal A. (1997) 
Control of cell pattern in the neural tube by the zinc finger transcription factor Gli-1. Neuron 
19:15-26. 

Sheridan J P, Marsters SA, Pitti RM, Gurney A., Skubatch M f Baldwin D, Ramakrishnan L, 
Gray CL, Baker K, Wood Wl, Goddard AD, Godowski P, and Ashkenazi A. (1997) Control of 
TRAIL-lnduced Apoptosis by a Family of Signaling and Decoy Receptors. Science 277 
(5327): 818-821. 
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Goddard AD, Dowd P, Chernausek S, Geffner M, Gertner J, Hintz R, Hopwood N, Kaplan S, 
Plotnick L, Rogol A, Rosenfield R, Saenger P, Mauras N, Hershkopf R, Angulo M and Attie, K. 
(1997) Partial growth hormone insensitivity: The role of growth hormone receptor mutations in 
idiopathic short stature. J. Pediatr. 131: S51-55. 

Klein RD, Sherman D f Ho WH, Stone D, Bennett GL, Moffat B, Vandlen R, Simmons L, Gu Q, 
Hongo JA, Devaux B, Poulsen K f Armanini M, Nozaki C, Asai N, Goddard A, Phillips H, 
Henderson CE ( Takahashi M and Rosenthal A. (1997) A GPMinked protein that interacts with 
Ret to form a candidate neurturin receptor. Nature. 387(6634): 717-21. 

Stone DM, Hynes M, Armanini M, Swanson TA, Gu Q, Johnson RL, Scott MP, Pennica D, 
Goddard A, Phillips H f Noll M, Hooper JE, de Sauvage F and Rosenthal A. (1996) The 
tumour-suppressor gene patched encodes a candidate receptor for Sonic hedgehog. Nature 
384(6605): 129-34. 

Marsters SA, Sheridan JP, Donahue CJ, Pitti RM, Gray CL, Goddard AD, Bauer KD and 
Ashkenazi A. (1996) Apo-3, a new member of the tumor necrosis factor receptor family, 
contains a death domain and activates apoptosis and NF-kappa p. Current Biology 6(12): 
1669-76. 

Rothe M, Xiong J, Shu HB, Williamson K, Goddard A and Goeddel DV. (1996) l-TRAF is a 
novel TRAF-interacting protein that regulates TRAF-mediated signal transduction. Proc. Natl. 
Acad. ScL USA 93: 8241-8246. 

Yang M, Luoh SM, Goddard A, Reilly D, Henzel W and Bass S. (1 996) The bglX gene 
located at 47.8 min on the Escherichia coli chromosome encodes a periplasmic beta- 
glucosidase. Microbiology 142: 1659-65. 

Goddard AD and Black DM. (1996) Familial Cancer in Molecular Endocrinology of Cancer. 
Waxman, J. Ed. Cambridge University Press, Cambridge UK, pp.1 87-21 5. 

Treanor JJS, Goodman L, de Sauvage F, Stone DM, Poulson KT, Beck CD, Gray C, Armanini 
MP, Pollocks RA, Hefti F, Phillips HS, Goddard A, Moore MW, Buj-Bello A, Davis AM, Asai N, 
Takahashi M, Vandlen R, Henderson CE and Rosenthal A. (1996) Characterization of a 
receptor for GDNF. Nature 382: 80-83. 

Klein RD, Gu Q, Goddard A and Rosenthal A. (1996) Selection for genes encoding secreted 
proteins and receptors. Proc. Natl. Acad. ScL USA 93: 7108-71 13. 

Winslow JW, Moran P, Valverde J, Shih A, Yuan JQ, Wong SC, Tsai SP, Goddard A, Henzel 
WJ, Hefti F and Caras I. (1995) Cloning of AL-1, a ligand for an Eph-related tyrosine kinase 
receptor involved in axon bundle formation. Neuron 14: 973-981. 

Bennett BD, ZeiglerFC, Gu Q, Fendly B, Goddard AD, Gillett N and Matthews W. (1995) 
Molecular cloning of a ligand for the EPH-related receptor protein-tyrosine kinase Htk. Proc. 
Natl. Acad. Sci. USA 92: 1 866-1870. 

Huang X, Yuang J, Goddard A, Foulis A, James RF, Lernmark A, Pujol-Borrell R, 
Rabinovitch A, Somoza N and Stewart TA. (1995) Interferon expression in the pancreases of 
patients with type I diabetes. Diabetes 44: 658-664. 

Goddard AD, Yuan JQ, Fairbairn L, Dexter M, Borrow J, Kozak C and Solomon E. (1995) 
Cloning of the murine homolog of the leukemia-associated PML gene. Mammalian Genome 
6:732-737. 
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Goddard AD, Covello R, Luoh SM t Clackson T, Attie KM t Gesundheit N, Rundle AC, Wells 
JA, Carlsson LMTI and The Growth Hormone Insensitivity Study Group. (1995) Mutations of 
the growth hormone receptor in children with idiopathic short stature. N. Engl. J. Med. 333: 
1093-1098. 

Kuo SS, Moran P, Gripp J, Armanini M ? Phillips HS, Goddard A and Caras IW. (1994) 
Identification and characterization of Batk, a predominantly brain-specific non-receptor protein 
tyrosine kinase related to Csk. J. Neurosci. Res. 38: 705-715. 

Mark MR, Scadden DT, Wang Z, Gu Q ( Goddard A and Godowski PJ. (1994) Rse, a novel 
receptor-type tyrosine kinase with homology to Axl/Ufo, is expressed at high levels in the 
brain. Journal of Biological Chemistry 269: 1 0720-1 0728. 

Borrow J, Shipley J, Howe K, Kiely F, Goddard A, Sheer D, Srivastava A, Antony AC, 
Fioretos T, Mitelman F and Solomon E. (1994) Molecular analysis of simple variant 
translocations in acute promyelocytic leukemia. Genes Chromosomes Cancer 9: 234-243. 

Goddard AD and Solomon E. (1993) Genetics of Cancer. Adv. Hum. Genet 21: 321-376. 

Borrow J, Goddard AD, Gibbons B, Katz F, Swirsky D, Fioretos T, Dube I, Winfield DA, 
Kingston J, Hagemeijer A, Rees JKH, Lister AT and Solomon E. (1 992) Diagnosis of acute 
promyelocytic leukemia by RT-PCR: Detection of PML-RARA and RARA-PML fusion 
transcripts. Br. J. Haematol. 82: 529-540. 

Goddard AD, Borrow J and Solomon E. (1992) A previously uncharacterized gene, PML, is 
fused to the retinoic acid receptor alpha gene in acute promyelocytic leukemia. Leukemia 6 
Suppl3: 117S-119S. 

Zhu X, Dunn JM, Goddard AD, Squire JA, Becker A, Phillips RA and Gallie.BL (1992) 
Mechanisms of loss of heterozygosity in retinoblastoma. Cytogenet. Cell Genet 59: 248-252. 

Foulkes W, Goddard A. and Patel K. (1991) Retinoblastoma linked with Seascale [letter]. 
British Med. J. 302: 409. 

Goddard AD, Borrow J, Freemont PS and Solomon E. (1991) Characterization of a novel zinc 
finger gene disrupted by the t(15;17) in acute promyelocytic leukemia. Science 254: 1371- 
1374. 

Solomon E f Borrow J and Goddard AD. (1991) Chromosomal aberrations in cancer. Science 
254: 1153-1160. 

Pajunen L, Jones TA, Goddard A t Sheer D, Solomon E f Pihlajaniemi T and Kivirikko Kl. 
(1991) Regional assignment of the human gene coding for a multifunctional peptide (P4HB) 
acting as the p-subunit of prolyl-4-hydroxylase and the enzyme protein disulfide isomerase to 
17q25. Cytogenet Cell. Genet. 56: 165-168. 

Borrow J, Black DM, Goddard AD, Yagle MK, Frischauf A.-M and Solomon E. (1991) 
Construction and regional localization of a Not\ linking library from human chromosome 17q. 
Genomics 10: 477-480. 

Borrow J, Goddard AD, Sheer D and Solomon E. (1990) Molecular analysis of acute 
promyelocytic leukemia breakpoint cluster region on chromosome 17. Science 249: 1577- 
1580. 
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Myers JC, Jones TA, Pohjolainen E-R, Kadri AS, Goddard AD, Sheer D, Solomon E and 
Pihlajaniemi T. (1990) Molecular cloning of 5(IV) collagen and assignment of the gene to the 
region of the region of the X-chromosome containing the Alport Syndrome locus. Am. J. Hum. 
Genet 46: 1024-1033. 

Gallie BL, Squire JA, Goddard A, Dunn JM, Canton M, Hinton D, Zhu X and Phillips RA. 
(1990) Mechanisms of oncogenesis in retinoblastoma. Lab. Invest. 62: 394-408. 

Goddard AD, Phillips RA, Greger V, Passarge E, Hopping W, Gallie BL and Horsthemke B. 
(1990) Use of the RB1 cDNA as a diagnostic probe in retinoblastoma families. Clinical 
Genetics 37: 117-126. 

Zhu XP, Dunn JM, Phillips RA, Goddard AD, Paton KE, Becker A'and Gallie BL (1989) 
G^rmline, but not somatic, mutations of the RB1 gene preferentially involve the paternal 
allele. Nature 340: .312-314. 

Gallie BL t Dunn JM, Goddard A, Becker A and Phillips RA. (1988) Identification of mutations 
in the putative retinoblastoma gene. In Molecular Biology of The Eve: Genes, Vision and 
Ocular Disease . UCLA Symposia on Molecular and Cellular Biology, New Series, Volume 88. 
J. Piatigorsky, T. Shinohara and P.S. Zelenka, Eds. Alan R. Liss, Inc., New York, 1988, pp. 
427-436. 

Goddard AD, Balakier H, Canton M, Dunn J ( Squire J, Reyes E, Becker A, Phillips RA and 
Gallie BL. (1988) Infrequent genomic rearrangement and normal expression of the putative 
RB1 gene in retinoblastoma tumors. Mol. Cell. Biol. 8: 2082-2088. 

Squire J, Dunn J, Goddard A, Hoffman T, Musarella M, Willard HF, Becker AJ, Gallie BL and 
Phillips RA. (1986) Cloning of the esterase D gene: A polymorphic gene probe closely linked 
to the retinoblastoma locus on chromosome 13. Proc. Natl. Acad. Sci. USA 83: 6573-6577. 

Squire J, Goddard AD, Canton M, Becker A, Phillips RA and Gallie BL (1986) Tumour 
induction by the retinoblastoma mutation is independent of N-myc expression. Nature 322: 
555-557. 

Goddard AD t Heddle JA, Gallie BL and Phillips RA. (1985) Radiation sensitivity of fibroblasts 
of bilateral retinoblastoma patients as determined by micronucleus induction in vitro. Mutation 
Research 152: 31-38. 
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We have enhanced the polymerase chain 
reaction (PGR) such that specific DNA 
sequences can be detected without open- 
ing the reaction tube. This enhaucemeftt 
required die addition of ethidium bromide 
(EtBr) to a FCR. Since the fluorescence of 
EtBr increases in the presence of double* 
stranded (ds) DNA an increase in fluores- 
cence in such a PGR indicates a positive 
amplification, which can be easily moni- 
tored externally. In fact, amplification can 
be continuously monitored in order to 
follow its progress. The ability to simulta- 
neously amplify specific DNA sequences 
and detect the product of the amplification 
both simplifies and improves PGR and 
may facilitate its automation and more 
widespread use in the clinic or in other 
situations requiring high sample through- 
put 

Although the potential benefits of PGR 1 to.clm- 
kal diagnostic* arc well kaownf- 5 , it h still not 
widely used in this getting; even though it is 
four year* euaco thcrroomW* DNA polymer* 

ase* 4 made PGR jwacticaL Some of the reasons for its slow, 
acceptance are high cost, tack of automation of pre-* and 
post-PCR processing steps, and false positive results, from 
carryovcr-contami nation. The first two points arc related 
in that labor is the largest contributor to cost ait the present 
stage of PCR development* Most Current assays requite 
some form of "downstream" processing once tfcermocy* 
ding t& done in order xb determine whether the target 
DNA sequence was- present and has amplified, These 
include DNA hybridiwtion 5 *, gel electrophoresis with or 
without use of restriction digestion*;*/ HPIX?, or capillary 
eletjcrophorcsV 0 . These methods are labor4ntensc f have, 
low throughput, and are difi&cult to automate. The third 
point is abo closer/ related to downstream processing. 
The handling of the PGR product in these downstream 
proeesses increases die chances that amplified DNA ".will 
spread through the typing- lab, resulting in ■ a .risk of 



"carryover~ false positives in subsequent testing 11 . 

These downstream processing steps would be elimi- 
nated if specific amplification and detection of amplified 
DNA took place simultaneous!? within an unopened re- 
action vessel Assays in which such different processes take 
place without, the need to separate reaction components 
have been termed "homogeneous' 1 . No truly hbmogc-. 
neous PGR assay has been demonstrated to date although 
progress towards this end has been reported. Chehab, et 
aL l % developed a PGR product detection scheme using 
fluorescent primers that resulted in a fluorescent PCR 
product AUefc-spedRc primers, each with different fluo- 
rescent tags, were used to indicate the genotype of die 
DNA. However, the unincorporaied primers must still be 
removed in a do wnstream process in order to visualize tne 
result Recently, Holland, et ai 15 , developed an assay in 
which the endogenous 5 r ejedoudease assay of Taf DNA 
polymerase was exploited to deave a labeled oligonucleo- 
tide probe. The probe would only deave if PGR amp£6- 
cation had produced its complementary sequence. In 
order to detect the dcavage products, however, a subse- 
quent process w again needed* 

Wc have developed a truly homogeneous assay for PCR 
and PGR product detection based upon tbc greatly in- 
creased fluorescence that ethidium broinMe and other 
DNA binding dyes exhibit when they are bound to ds- 
DNA 14 ^ 9 . As outlined in Figure h a prototypic PCR 
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1 Principle of simultaneous ainpGficatkni and detection of 
PCR product: The compoaenU of a PvR totimnmg EtBr (hat xtti 
fluorescent are lisied—fcu3r itself, EtBr bound to either ssDNA or * 
daDN A, Tbete is * Jar^e uwrcsccnoc cnhaaccmcni when EtBr is 
bound to PNA and binding u greatly enhanced when DNA js 
doubk-scraended, Ato sumocrit <n)..cydcs of PGR* tbe.net 
increase in dspNA results in additional £tBr butcfing. and a net 
increase in total •fluorescences 
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fWfflt 1 Gd electrophoresis of PCS. *mpii£ca2ion products of ihc 
human, tiudcar gene, HLA DQ<x, made in the presence of 
increasing amounts of EtBr (up to 8 Mgtau). The presence of 
£tBr l*as too obvious effect on Utc ykkS or apedftdky of amplify 
canon. 



A. 



B. 





RGUXE ) (A) Flaorcsccnee measurement* from PCRs that contain 
0.5 pgftn! EtBr and that are specific for Y-Oirotno$Oroc repeat 
semtenoe*. Five replicate FCRs were begun containing each of the 
DNA* specified. At each incUckod cyde, one of the five replicate 
FCKs for each DNA -was removed from thermocydzng and Hs 
fluorescence measured* Uniu of fluorescence are arbitrary. (B) 
UV photography of PCRtabet (0,5 ml Eppcndorf^tyic, jXHyprO- 
pykrve n\icro-eeniri£uffc .tubes) eontamtag reactions, those start- 
ing from 2 iur mate DNA and control reactions without any DNA, 
from (A), 



begins with primers that are single-stranded DNA (ss* 
DNA)» dNTTs, and DNA polymerase; An amount of 
dsDNA containing tbejarget sequence (target DMA) is 
typically 



on the application, from single-cell amounts of DNA 17 to 
micrograms per If EtBr b present, the reagents 

that wifl fluoresce, in order of increasing fluorescence, are 
free EtBr itself, and EtBr bound to the singk-ctradded 
DNA primer* and to the double-stranded target DNA (by 
its intercalation between the stacked bases of the DNA 
doublc-hcnx)* After the first denatu ration cycle, target 
DNA will be largely single-stranded. After a FCR is 
completed, the most significant change is the increase in 
the anwunt of dsDNA (the PCR product itself) of up to 
several micrograms- Formerly free EtBr is bound to the 
additional dsDNA* resulting in an increase in fluores- 
cence. There is also some decrease m the amount of 
ssDNA primer, but because the binding of EtBr to s&DNA 
is much less than to dsDNA, the effect of thw change on 
the total fluorescence of the sample is &malL The fluores- 
cence Increase can be measured by directing excitation 
tUuminaiton through the walls of the amplification vessel 
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beiorc and after, or even continuously during, thermocy- 
ding. 

RESULTS 

PCR in die presence of EtBr. In order to' assess tht 
affect of EtBr in PCR, amplifications of the human Hl<A 
DQa gene >9 were performed with the dye present at 
concentrations from 0,06 to 8.0 \Lgfml (a typical concen- 
tration of EtBr used in staining of nucleic actds following 
get electrophoresis is 0.5 ug/mf)* As shown in Figure 2, gel 
electrophoresis revealed little or no dUrcrcncc in the yield 
or quality of the amplification product whether EtBr was 
absent or present at any of these concentrations, indicate 
ing that EtBr does not inhibit PCR, 

Defection of human Y-dbtronKworo* specific $e* 
cjoences* Sequence -specific, fluorescence enhairameiu of 
Et&r as a result of PCR was demonstrated in a series of 
amplifications containing 0,5 *ig/m| EtBr and primer* 
specific to repeat DNA sequences found on the human 
Y-chromosomc^. These PCRs initially contained either 
60 ng male, 60 ng female, 2 ng mak human or no DNA. 
Five replicate PCRs were begun for each DNA* After Q, 
17, 21, 24 and 29 cycles c^therniocyding, a PGR for cadi 
DNA was removed from the therraoeyder, and its. fluo- 
rescence measured in a spcctrofiSaorometer and plotted 
vs, amplification cyde number (Fig. 3 A), The shape of this 
curve reflects the fact that by the time an increase in 
fluorescence can be detected, .die increase in DNA is 
becoming linear and not exponential with cyde number; 
As shown , the fluorescence increased about three-fold 
over the background fluorescence for the PCRs contain- 
ing human male DNA, but did not significantly increase 
for negative control PCRs, which contamed either no 
DNA or human female DNA^ The more male DNA 
present to begin with— 60 ng versus 2 ng— *he fewer 
cycles were needed to give a detectable increase in fluo- 
rescence. Gel electrwhoresi* oo the products of these 
amplifications showed that DNA fragments of the ex- 
pected skc were made in the mak DNA containing 
reactions and that fiule DN A synthesis took place in the 
control samples. 

In addition, the increase in fluorescence was visualized 
by simply laying the completed, unopened PCRs c*o a UV 
transilKuninatOT and photographing mem through a red 
filter. This is shown m figure $B lor the reactions thai 
began whh 2 ng male DNA and those with no DNA. 

Detection of specific allele* of the human p-globio 
gene. In order to demonstrate that this approach has 
adequate specificity to allow genetic screening* a dttcction 
of the sickle-cell anemia mutation was performed- Figure 
4 shows the fluorescence from completed ampBficatiou* 

containing EtBr (03 p.g/ml) *s &ebe*x*A by photography 

of the reaction tubes on a UV cran^uminator. These 
reactions were performed using- primer* specific for ci* 
ther the wild-type or skkk-cell mulation of the human 
p-globin gene". The srxsciheity for each allele is imparted 
by placing the sickle-mutation site at the terminal 3 
nucleotide of one primer. By using an appropriate primer 
annealing temperature^ primer excemwott-~iiui thus an> 
pUfi<3tipn— can take place only if the 3' nucleotide of the 
primer is complementary to the 0~globta allele present . 

Each pair oTampmrcations shown in Figure 4 consists of 
a reaction with either the wildHypc alkie Specific (left 
tube) or skkle-allele specific (right tube) primers. Three 
different DNAs were typed: DNA from a homozygous, 
wfld-typc ^giobin individual (A A); from a heterozygous 
sickle £-gk>bin individual (AS); and from a homozygous 
sickle p-gio^p individual (SS). Each DNA (50 ng genomK 
DNA to start each PGR) was analyzed m triplicate (3 pairs 
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reactions each). The DNA type vas reflected in the 
relative fluorescence intensities in each pair of completed 
goipltBcaitoiis. There was a significant increase in fluores- 
cence only where a p~globin allele DNA matched the 
primer set. When measured on a spcctroSnoronictcr 
(data not shown), this fluorescence was about three times 
^t present in a PGR where both p-gflobin alleles were 
^bttiatcbcd to the primer set. Gel ckctrpphorc^w (not 
^town) established that this increase in fluorescence was 
due to the synthesis of nearly a microgram of a DNA 
fragment of the expected size for 0-globin. There was 
fttdc synthesis of dsONA in reactions in . which the allele- 
jtpcdfic primer was mismatched to both alleles. 

Coorimicw nwwitorfcog of a PGR* Using a fiber optic 
devtcefH is possible to direct excitation illumination from 
fl spectrofl uorometer to a PGR undergoing thcrmocyding 
and to return its fluorescence TO the spe^troftuorotweter. 
The fluorescence readout of such an arrangement, di- 
rected al an EtBr-concaining amplification of Y-chromo- 
potnc specific seqwnccs from 25 jig c*f human male DNA, 
is shown in Figure 5. The readout from a control f'CR 
whh no target DNA is also shown. Thirty cycles of PCR 
vere monitored for each- 

The fluorescence trace as a function of time clearly 
shows the effect of the thennocyding. Fluorescence inten- 
sity rises and. fails inversely with temperature- The fluo- 
rescence intensity is minimum at the denaturadon lenv 
pcrature (94°C) and maximum at the annealin ^extension 
temperature (50°C>- In the negative-control PCR, these 
fluorescence maxima and minima do net change signifi- 
cantly over the thirty tbcrmocycte, indicating that there is 
Kale dsDNA synthesis without the appropriate target 
DNA* and there ts. little if any bleaching of EtBr during 
Che continuous illumination t>f the sample. 

Jn the PCR containing male DNA, the fluorescence 
maxima at the annealing/extension temperature begin to 
increase at about 4000 seconds of thcrroocyding, and 
continue to increase with time, indicating that dsDNA is 
being produced at a detectable level* Note that the fluo- 
rescence minima at the denaturation temperature do not 
significantly increase* presumably because at this temper- 
ature there is no dsDNA for EtBr to bind. Thus the course 
of the amplification is followed by tracking the ftuorcs-. 
cence Increase at the annealing temperature. Analysis of 
ihc products of these two amplifications by gel electropho- 
resis showed a DNA fragment of the expected size for the 
male DNA containing sample and no detectable DNA 
synthesis for the control sample* 

DISCUSSION 

Downstream processes such as hybridization to a se- 
quenee-apecific probe can enhance the specificity of DNA 
dece\Aiuii \ry PGR, The cKnriixttkm of thcac processes 

means that' the specificity of this homogeneous assay 
depends solely on that of PCSL In the case of sickle-cell 
disease, we have shown that PCR alone has sufficient DNA 
sequence specificity to permit genetic screening- Using 
appropriate amplification conditions, there is little non- 
specific production of dsDNA in the absence of the 
appropriate target allele. 

The xpedficky required to detect pathogens can be 
more or less than that required' to do genetic screening, 
depending on the number of pathogens in the sample and 
the amount of other DNA that must be taken with die 
sample. A difficult target is HIV, which requires detection 
of a viral genome that can be at the level of a few copies 
per thousands of host cells*. Compared with genetic 
screening, which is performed on ceils containing at least 
one cony of the target sequence* HIV [detection requires 
both more specificity and the input of more total 
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UV photography of PCK tubes oontai; 
usiog EtBr th?t art speofic to viWUtjpe (A) or sicWe (S) alleles cf 
the human ^-globin gene. The left of each pairof tubes contains 
aQele-tpecifit primers to the wild -type aBtles, the right lube 
primers to the skWe attele. The phrcograph was ta<«ro after SO 
cyctes of PCR,.and the input DNAs aztd the alkies thev coatata 
«re indicated- Fifty tag of DNA was used to begin PCR. Typing 
was done in triplicate (3 pair* of POOj) for eadi input DNA: 
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20ng of male DNA 
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no DNA control 





rn — , : r- r 

0 2000 4000 6000 8000 

time (sec) 

HGW&S Continuous, real-rime moiOtormg of m PCR. A fiber optic 
was used to carry excitation fight to a FUR in progress and ako 
emnted itrftt back to a floorotneter (sec E^ntecntal ^otoool). 
AnipU&caUoa i»tng ^uman nudo-DNA tpcoBc pruxicn m a PCR 
starting with 20 rtg of human male DNA (tofh or in * control 
PCR without PNA (bottom), were noonhjored. Thirty cyd« of 
PGR were followed for each. The' temperature Cycled between 
94°C (denaturatiaca) &nd 50*C (aniraliog and -extension}. Note in 
the male DNA PCR,. the cycle (nine) dependent taoeasc bi 
fluorescence at the aQUeaErig/cxfcawira ic«>p«rature. 
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DNA — lip to microgram amounts-HQ order to have suf- 
ficient numbers of target sequences. This large amount of 
starting DNA in an amplication si^i&canrty increases 
the background fluorescence over which any additional 
fluorescence produced by PGR must be detected. An 
additional complication that occurs wiih targets in low 
copy-number is the formation of the "priraer-^imer" 
artifact. This is the result of the extension of one primer 
using the other primer as a tern plate. Although this occurs 
infrequently, once it occurs the extension product is a 
substrate for PCR amplification, and can compete wkh 
true PGR targets if those targets are rare. The primer- 
dimcr product is of course d$DNA and thus is a potential 
source of false signal in this homogeneous assay. 

To increase FOR specificity and reduce the effect of 
primer-dimcr arripUftcatioa, we are investigating a num- 
ber of approaches, including the use of nested-primer 
amplifications that take place in a single tube 8 , and the 
"hot-starT, in which nonspecific amplification is reduced 
by raising the temperature of the reaction before DNA 
synthesis begins 2 *. Preliminary results using these ap- 
proaches suggest thatpruner^uncT is effectively reduced 
and it is possible to detect the increase in Etfir fluores- 
cence in a PCR instigated by a single HIV genome in a 
background of 10* ceils. With larger number* of ceils, the 
background fluorescence contributed by genomic DNA 
becomes problematic. To, reduce this background, it may 
be possible to use sequence-sped fie DNA-binding dyes 
that can be made to preferentially bind PGR product over 
genomk DNA by mcornortting the dyt-binding DNA 
sequence into the PCR product through a 5* "add-on" to 
the oheranudeoddc primer* 1 . 

We nave shown that the detection of fluorescence 
generated by an EtBr-containing PCR is straightforward, 
both once PCR is completed and continuously during 
thermocyefing. The ease with which automation of spe- 
cific DNA detection can be accomplished is the most 
promising aspect of this assay. The Huore^cence analysis 
of completed PCRs is alreadypossiblc with existing instru- 
mentation in 96-well format?*. In this format, the fluores- 
cence in each PCR can be ouantitated before, after, and 
even at selected points during therroocyciine by moving 
the rack of PCRs to a ^mierowcM plate fluorescence 

reader 40 , . 
The instrumentation necessary to continuously monitor 

multiple PCRs simultaneously is also simple in principle. 
A direct extension of the apparatus used here is to have 
multiple fiberopdes transmit the excitation light and flu- 
orescent emissions to and from multiple PCRs. The ability 
to monitor multiple PCRs continuously may allow quan- 
titation of target DNA copy number. Figure 5 shows that 
the larger the amount of starting target DNA, the sooner 
during PGR a fluorescence increase is detected. Prelimi- 
nary experiments <Higuchi and Dollinger, manuscript in 
preparation) with continuous rnorutoring have shown a 
sensitivity to two-fold differences in initial target DNA 
concentration. 

Conversely, if the number of target molecules is 
koown — a$ a can be in genetic scre^nmg-^TContinuoiis 
monitoring may provide a means pf detecting false posi- 
tive and false negative results. With a known number of 
target moJecuks, a true positive would exhibit detectable 
fluorescence by a predictable number of cycles of PCR* 
Increases in fluorescence detected before or after that 
cycle would indicate potential artifacts. False negative 
results due to, for example,. inhibition of DNA polymer- 
ase, may be detected by including within each PCR an 
ineffidendy amplifying marker. This marker results in a 
fluorescence increase only after a large number of cy- 
cles—many more* than are necessary w detect a true 
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positive. If a sample fails to have a fluorescence increase 
after this many cycles, inhibition may be suspected. Since, 
in this assay, conclusions are drawn based on the presence 
or absence of fluorescence signal alone, such controls may 
be important. In any event, before any test based on this 
principle is ready for the clinic, ah assessment of its false 
positive/false negative rates wfli need to be obtained using 
a large number of known samples- 

In summary, the inclusion » PGR of dyes whose fluo- 
rescence is enhanced upon binding dsDNA makes it 
possible to detect specific DNA amplification from outside 
the PCR tube. In the future, instruments based upon this 
principle may fadHtate the more widespread use of PCR, 
in applications that demand the high throughput of 
samples* 

EXPERIMENTAL PROTOCOL 

Human HLA-DQw gene amplifications cmtfauung Ed*. 
PCRs were set up inlOO >U volumes confining 1 0 mM Tris-HCK 
pH 8.3; 50 mM KCI; 4 mM MgO*: 2-5 units of Taq DNA 
polymerase (IVrkm^Elmar Genu, Narwalk, CT); 20 piriok: each 
pf human HtA-DQa gene specific digonucleodoe primers 
(;H26 and CH27 W and apprcocrniatel? I<r copies of DQ& PCR 
product diluted from a previous reaction. Ethkhum bromide 
(EtBr; Sign**} was used at the conceatrauonfi indicated id Figure 
2. Tberroocycfing proceeded for 20 eydes if* a model 460 
thcrmocydcr (Perfcn-Etaer Cco», Norwalk. Ct) using^ "ncp- 
cvdxf program of 94*C for 1 mm. dcnaturaUon and wV« Tor 90 
sec antocilW and 72*C for SO sec extension. 

Y-chromomne specific PCR. PCRs (100 \d total reaction 
volume) containing©-* *g/<»J JBtBr were prepared as dewbtd 
for HLA-DQct, except with different primers and target DNAs. 
These PCRs contained J 5 pmolc each male DN A-*pcctfjc pnmer* 
YI.l and Vl.2«\ and either 60 ng male, €0 o££«tra!e, 2 ng ^ 
or no human UNA. TherrnOcyding was 94t*G?or f min ; and G&C 
for I min using a "step-cycle* program- The number of cycles for 
a sample were as indicated in Ffgufe 3. Fluorescence nteasuro- 
rnentw described below. k 

Alkfe-spcculc, human pro* PCR, AmpUncauons of 

100 pi volume ^stng 0-5 m&/ml of £tBr were pn$arcd aj 
described for HLA-OQoi above except with different primers ana 
target DNAs. These PCRs contained either 9?]™^?*?™ 
HO HA <wSUHtpe gob«i speoue primes) or HCP2/Il£MS 
4c-iriobm specific primers) at 10 pmole ^ch primer VffJW" 
These primers were developed by Wu ct at 21 . Three dtfifcreni 
tacgei DNA* Were usc4 to separate acnplificatk)n&— 50 ng eaen of 
human DNA that was homozygous for the steWc trait <$S)* DNA 
that was heterozygous for the sickle Irak (AS), or DNA that 
homozygous for tfce'w.t- globin (AA). ThcrmocycBng yr*$ forJO 
cycles at 94X1 for I ntin, and 65*C for 1 miiu nans a "stcMftfe 
promm. An anttesOtog wropcratttrc of 55^^ heen shown try 
Wo et aL 21 to provide silclc-spcdnc awpHtetton- P^Pg™ 
PCRs were photographed through a red ftecr i^^^PJy 
aterJaahgWreacrloTi t«bcs »5p a model TM^6 traruOHutni- 
nator <UV- products San Cabrkl, CA). 

Fhtores<etK^ meflstirement. nuoresoetwc w^reraenw wct< 
triad* on PCRs containing EtBr in a Fluoroiog-2 DfiorornCtcr 
VSPEX, Edison, NJ). Excitation was at the 500 ^ band ki* 
atomz nm bandwidth with « • OC 45S ntp cutoff ^Jgjgg 
Crist. Inc. Irvine. CA) to exclude eo*x£°M? i^^St 
bVht was detected at 570 nm with a baad*od«V of about 7 nm- An 
ObSSQ »m cut-off niter was used to remove lheaataoon txgnt- 
CwatiwKKM fhiorewenoe mmutortag of PGR, ContuivOU* 
nwnitoring or a PCR in progress was accompJisbed usuuj 
spectrofluSronieier and setdnga descrrbed above as well as a 
fiberoptkac<«SJOry (SPEXcaL no. 1950) toboth send excitauon 
Bght to. and receive emitted light from, a PCR placed m a wdtol 
a model 480 mer«K»cyckr (Ptrlm-Elmer CctMs). The probe 
of the fiberoptic cable was attached with "5 mroutc-epoxy tottfc 
open top of a PCR tube (a 0^ ml poiypropytoie ccmrifogc UiDe 
wiiits cap removed) efTecttvcly Aeafing L The exposed^P oj 
the PCR rube and the end of the fiberopuc cable were shjcldcd 
from room light and the rOOtt lights were kept dnnmcddutmg 
each m». The rnonibored PCft was an ampWeauon of V-<*J°: 
rtwsdme-spcdfk: repeat sequences as described above. C3*ccpt 
usirjr an anneabngfetCnsiOtt teroperaujrc of'50X. TTtereaCUOa 
was covered with mineral oil (2 drops) to procrtt cvaporatton- 
TberrnocycEn^ aad auoresccncc cocasumnent vere ^^J* 
multancously, A time-base scan, with a 10 sccckk! mtegranori tunc 
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u«5d And the emission Stgnal was ratsocd to the excitation 
jug<a*l w control for chatfft<» in Ji$ht-4CKircc iotenjnty. Dad .were 
^Slcci^d using the dra3O0Of, version 2.5 (SFEX) data system. 
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Oligonucleotides with Fluorescent Dyes at 
Opposite Ends Provide a Quenched Probe 
System Useful for Detecting PCR Product 

and Nucleic Acid Hybridization 

Kenneth J. Livak, Susan J.A. Flood, Jeffrey Marmaro, William Giusti, and Karin Deetz 

Perkin-Elmer, Applied Biosystems Division, Foster City, California 94404 



The 5' nuclease PCR assay detects the 
accumulation of specific PCR product 
by hybridization and cleavage of a 
double-labeled fluorogenlc probe 
during the amplification reaction. 
The probe Is an oligonucleotide with 
both a reporter fluorescent dye and a 
quencher dye attached. An increase 
'n reporter fluorescence intensity in- 
icates that the probe has hybridized 
to the target PCR product and has 
been cleaved by the S'->3' nucle- 
olyttc activity of Taq DNA polymerase. 
In this study, probes with the 
quencher dye attached to an internal 
nucleotide were compared with 
probes with the quencher dye at- 
tached to the 3 -end nucleotide. In all 
cases, the reporter dye was attached 
to the 5' end. All Intact probes 
showed quenching of the reporter 
fluorescence. In general, probes with 
the quencher dye attached to the 3- 
end nucleotide exhibited a larger sig- 
nal In the 5' nuclease PCR assay than 
the internally labeled probes. It Is 
proposed that the larger signal is 
caused by Increased likelihood of 
cleavage by Taq DNA polymerase 
when the probe Is hybridized to a 
template strand during PCR. Probes 
with the quencher dye attached to 
the 3 '-end nucleotide also exhibited 
an Increase In reporter fluorescence 
Intensity when hybridized to a com- 
plementary strand. Thus, oligonucle- 
gldes with reporter and quencher 
s attached at opposite ends can 
used as homogeneous hybridiza- 
tion probes. 



A 




homogeneous assay for detecting 
the accumulation of specific PCR prod- 
uct that uses a double-labeled fiuoro- 
genic probe was described by Lee et al/° 
The assay exploits the 5' 3' nucle- 
olytic activity of Taq DNA poly- 
merase (2 * 3) and is diagramed in Figure 1. 
The fluorogenic probe consists of an oli- 
gonucleotide with a reporter fluorescent 
dye, such as a fluorescein, attached to 
the 5' end; and a quencher dye, such as a 
rhodamine, attached internally. When 
the fluorescein is excited by irradiation, 
its fluorescent emission will be 
quenched if the rhodamine is close 
enough to be excited through the pro- 
cess of fluorescence energy transfer 
(FET).< 4 - 5 > During PCR, if the probe is hy- 
bridized to a template strand, Taq DNA 
polymerase will cleave the probe be- 
cause of its inherent 5' -> 3' nucleolytlc 
activity. If the cleavage occurs between 
the fluorescein and rhodamine dyes, it 
causes an increase in fluorescein fluores- 
cence intensity because the fluorescein 
is no longer quenched. The increase in 
fluorescein fluorescence intensity indi- 
cates that the probe-specific PCR product 
has been generated. Thus, FET between a 
reporter dye and a quencher dye is criti- 
cal to the performance of the probe in 
the 5' nuclease PCR assay. 

Quenching is completely dependent 
on the physical proximity of the two 
dyes. (6) Because of this, it has been as- 
sumed that the quencher dye must be 
attached near the 5' end. Surprisingly, 
we have found that attaching a rho- 
damine dye at 'the 3' end of a probe 
still provides adequate quenching for 
the probe to perform in the 5' nuclease 



PCR assay. Furthermore, cleavage of this 
type of probe is not required to achieve 
some reduction in quenching. Oligonu- 
cleotides with a reporter dye on the 5' 
end and a quencher dye on the 3' end 
exhibit a much higher reporter fluores- 
cence when double-stranded as com- 
pared with single-stranded. This should 
make it possible to use this type of dou- 
ble-labeled probe for homogeneous de- 
tection of nucleic acid hybridization. 



MATERIALS AND METHODS 
Oligonucleotides 

Table 1 shows the nucleotide sequence 
of the oligonucleotides used in this 
study. Linker arm nucleotide (LAN) 
phosphoramidite was obtained from 
Glen Research. The standard DNA phos- 
phoramidites, 6-carboxyfluorescein (6- 
FAM) phosphoramidite, 6-carboxytet- 
ramethylrhodamine succinimidyl ester 
(TAMRA NHS ester), and Phosphalink 
for attaching a 3'-biocking phosphate, 
were obtained from Perkin-Elmer, Ap- 
plied Biosystems Division. Oligonucle- 
otide synthesis was performed using an 
ABI model 394 DNA synthesizer (Applied 
Biosystems). Primer and complement 
oligonucleotides were purified using 
Oligo Purification Cartridges (Applied 
Biosystems). Double-labeled probes were 
synthesized with 6-FAM-iabeIed phos- 
phoramidite at the 5' end, LAN replacing 
one of the T's in the sequence, and Phos- 
phalink at the 3' end. Following de- 
protection and ethanol precipitation, 
TAMRA NHS ester was coupled to the 
lAN-containing oligonucleotide in 250 
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FIGURE 1 Diagram of S' nuclease assay. Stepwise representation of the 5' - 3' n"-^*^ 
S of lacj oKymerase acting on a fiuorogenic probe during one extension phase of PGR. 




mM Na-bicarbonate buffer (pH 9.0) at 
room temperature. Unreacted dye was 
removed by passage over a PD-10 Sepha- 
dex column. Finally, the double-labeled 
probe was purified by preparative high- 
performance liquid chromatography 
(HPLC) using an Aquapore C 8 220x4.6- 
mm column with 7-um particle size. The 
column was developed with a 24-min 
linear gradient of 8-20% acetonitrile in 
0.1 m TEAA (triethylamine acetate). 
Probes are named by designating the se- 
quence from Table 1 and the position of 
the LAN-TAMRA moiety. For example, 
probe Al-7 has sequence A I with LAN- 
TAMRA at nucleotide position 7 from the 
5' end. 



PCR Systems 

All PCR amplifications were performed 
In the Perkln-Elmer GeneAmp PCR Sys- 
tem 9600 using 50-»ju1 reactions that con- 
tained 10 ravi Tris-HCl (pH 8.3), 50 mM 
KC1, 200 \>M dATP, 200 »m dCTP, 200 p,M 
dGTP, 400 dUTP, 0.5 unit of AmpEr- 
ase uracil N-glycosylase (Perkin-Elmer), 
and 1.25 unit of AmpliTaq DNA poly- 
merase (Perkin-Elmer). A 295-bp seg- 
ment from exon 3 of the human p-actin 



gene (nucleotides 2i 4 1-2435 in the se- 
quence of Nakalima-lijima et al.) (7) was 
amplified using primers AFP and ARP 
(Table 1), which are modified slightly 
from those of du Breuil et al. (8) Actin am- 
plification reactions contained 4 mM 
MgCl 2 , 20 ng of human genomic DNA, 
50 nM Al or A3 probe, and 300 nM each 



primer. The thermal regimen was 50°C 
(2 min), 95*C (10 min), 40 cycles of 95°C 
(20 sec), 60°C (1 min), and hold at 72X. 
A 515-bp segment was amplified from a 
plasmid that consists of a segment of X 
DNA (nucleotides 32,220-32,747) in- 
serted in the Smal site of vector pUC119. 
These reactions contained 3.5 mM 
MgCl 2 , 1 ng of plasmid DNA, 50 nM P2 or 
P5 probe, 200 nM primer F119, and 200 
nM primer R119. The thermal regimen 
was 50°C (2 min), 95°C (10 min), 25 cy- 
cles of 95°C (20 sec), 57°C (I min), and 
hold at 72 d C 



Fluorescence Detection 

For each amplification reaction, a 40-u,l 
aliquot of a sample was transferred to an 
individual well of a white, 96-well micro- 
titer plate (Perkin-Elmer). Fluorescence 
was measured on the Perkin-Elmer Taq- 
lvfan LS-50B System, which consists of a 
luminescence spectrometer with plate 
reader assembly, a 485-nm excitation fil- 
ter, and a S15-nm emission filter. Excita- 
tion was at 488 nm using a 5-nm slit 
width. Emission was measured at 518 
nm for 6-FAM (the reporter or R value) 
and 582 nm for TAMRA (the quencher or 
Q. value) using a 10-nm slit width. To 
determine the increase in reporter emis- 
sion that is caused by cleavage of the 
probe during PCR, three normalizations 
are applied to the raw emission data. 
First, emission intensity of a buffer blank 
is subtracted for each wavelength. Sec- 
ond, emission intensity of the reporter is 




F119 
R119 
P2 
P2C 
P5 
P5C 
AFP 
ARP 
Al 
A1C 
A3 
A3C 



primer 
primer 
probe 

complement 
probe 

complement 
primer 
primer 
probe 

complement 
probe 

complement 



ACCCACAGGAACTGATCACCACTC 
ATGTCGCGTTCCGGCTGACGTTCTGC 
TCGCATTACi GATCGTl*GCCAACCAGTp 
GTACTGGTTGGCAACGATCAGTAATGCGATG 

CGGA'lTTGCTGGTATCTATGACAAGGATp 
TTCATCCTTGTCATAGATACCAGCAAATCCG 

TCACCCACACTGTGCCCATCTACGA 

CAGCGGAACCGCrCATTGCCAATGG 

ATGCCCTCCCCCATGCCATCCTGCGlp 
AGACGCAGGATGGCATGGGGGAGGGCATAC 

CGCCCrGGACTTCGAGCAAGAGATp 
CCATCTCTTG CTCGAAGTCCAGG GCG AC 



For each oligonucleotide used in this study, the nucleic acid sequence » given, wrt«*n * . : 
5' - 3' direction. There are three types of oligonucleotides: PCR primer, ""oogenic J 
in the 5' nuclease assay, and complement used to hybridize to the corresponding probe. For m 
p^S^oio^ indicates a position where UN with TAMRA attached was sunsn 
tuted for a T. (p) The presence of a 3' phosphate on each probe. 
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A1 -2 RAQGCCCTCCCCCATGCCATCCTGCGTp 

A1 -7 RATGCCCQCCCCCATGCCATCCTGCGTp 

A1 -1 4 RATGCCCTCCCCCAQGCCATCCTGCGTp 

A1 -1 9 RatgccctcccccatgccaQcctgcgtp 

A1-22 RATGCCCTCCCCCATGCCATCCQGCGTp 

A 1 -26 RatgccctcccccatgccatcctgcgQp 



Probe 


518 nm 


582 nm 


RQ- 


RQ+ 


ARQ 




no temp. 


+ temp. 


no temp. 


+ temp. 








A1-2 


25.5 ±2.1 


32.7 ± 1.9 


38.2 ± 3.0 


38.2 ±2.0 


0.67 + 0.01 


0.86 ±0.06 


0.19 ±0.06 


A1-7 


53.514.3 


395.1 ±21.4 


108.5 + 6.3 


110.3 ±5.3 


0.49 ±0.03 


3.58±0.17 


3.09 ±0.18 


A1-14 


127.0 ±4.9 


403.5 ±19.1 


109.7 ±5,3 


93.1 ±6.3 


1.16 ±0.02 


4.34 ±0.15 


3.18±0.15 


A1-19 


187.5± 17.9 


422.7 ± 7.7 


70.3 ± 7.4 


73.0 ± 2.8 


2.67 ±0.05 


5.80 ±0.15 


3.13 ±0.16 


A1-22 


224.6 + 9.4 


482.2 ± 43.6 


100.0 ±4.0 


96.2 ± 9.6 


2.25 ±0.03 


5.02 + 0,11 


2.77 ±0.12 


A1-26 


160.2 ±8.9 


454.1 ± 18.4 


93.1 ±5.4 


90.7 ±3.2 


1.72±0.02 


5.01 ±0.08 


3.29 ±0.08 



FIGURE 2 Results of 5' nuclease assay comparing p-actin probes with TAMRA at different nucle- 
otide positions. As described in .Materials and Methods, PCR amplifications containing the in- 
dicated probes were performed, and the fluorescence emission was measured at 518 and 582 nm. 
Reported values are the average* 1 s.D. for six reactions run without added template (no temp.) 
and six reactions run with template (+-temp.). The RQ ratio was calculated for each individual 
reaction and averaged to give the reported RQ~ and RQ + values. 



divided by the emission intensity of the 
quencher to give an RQ ratio for each 
taction tube. This normalizes for well- 
fo-well variations in probe concentra- 
tion and fluorescence measurement. Fi- 
nally, ARQ is calculated by subtracting 
the RQ value of the no-template control 
(RQ~) from the RQ value for the com- 
plete reaction including template 
(RQ + )« 

RESULTS 

A series of probes with increasing dis- 
tances between the fluorescein reporter 
and rhodamine quencher were tested to 
investigate the minimum and maximum 
spacing that would give an acceptable 
performance in the 5' nuclease PCR as- 
say. These probes hybridize to a target I 



sequence in the human 3-actin gene. 
Figure 2 shows the results of an experi- 
ment in which these probes were in- 
cluded in PCR that amplified a segment 
of the 0-actin gene containing the target 
sequence. Performance in the 5' nu- 
clease PCR assay is monitored by the 
magnitude of ARQ, which is a measure 
of the increase in reporter fluorescence 
caused by PCR amplification of the 
probe target. Probe Al-2 has a ARQ value 
that is close to zero, indicating that the 
probe was not cleaved appreciably dur- 
ing the amplification reaction. This sug- 
gests that with the quencher dye on the 
second nucleotide from the 5' end, there 
is insufficient room for Taq polymerase 
to cleave efficiently between the reporter 
and quencher. The other five probes ex- 
hibited comparable ARQ values that are 



clearly different from zero. Thus, all five 
probes are being cleaved during PCR am- 
plification resulting in a similar increase 
in reporter fluorescence. It should be 
noted that complete digestion of a probe 
produces a much larger increase in re- 
porter fluorescence than that observed 
in Figure 2 (data not shown). Thus, even 
in reactions where amplification occurs, 
the majority of probe molecules remain 
uncleaved. It is mainly for this reason 
that the fluorescence intensity of the 
quencher dye TAMRA changes little with 
amplification of the target. This is what 
allows us to use the 582-nm fluorescence 
reading as a normalization factor. 

The magnitude of RQ" depends 
mainly on the quenching efficiency in- 
herent in the specific structure of the 
probe and the purity of the oligonucle- 
otide. Thus, the larger RQ~ values indi- 
cate that probes AM4, Al-19, Al-22, and 
A 1-26 probably have reduced quenching 
as compared with A 1-7. Still, the degree 
of quenching is sufficient to detect a 
highly significant increase in reporter 
fluorescence when each of these probes 
is cleaved during PCR, 

To further investigate the ability of 
TAMRA on the 3' end to quench 6-FAM 
on the 5' end, three additional pairs of 
probes were tested in the 5' nuclease 
PCR assay. For each pair, one probe has 
TAMRA attached to an internal nucle- 
otide and the other has TAMRA attached 
to the 3' end nucleotide. The results are 
shown in Table 2. For all three sets, the 
probe with the 3' quencher exhibits a 
ARQ value that is considerably higher 
than for the probe with the internal 
quencher. The RQ" values suggest that 
differences in quenching are not as great 
as those observed with some of the Al 
probes. These results demonstrate that a 
quencher dye on the 3' end of an oligo- 
nucleotide can quench efficiently the 



TABLE 2 Results of 5' Nuclease Assay Comparing Probes with TAMRA Attached to an Internal or 3'-terminal Nucleotide 



Probe 




518 nm 




582 nm 


RQ" 


RQ + 


ARQ 


no temp. 


+ temp. 


no temp. 


+ temp. 


A3-6 


S4.6 ± 3.2 


84.8 ± 3.7 


116.2 ±6.4 


115.6 ± 2.5 


0.47 ± 0.02 


0.73 ± 0.03 


0.26 ± 0.04 


A3-24 


72.1 ± 2.9 


236,5 ± 11. 1 


84,2 ± 4,0 


90.2 ± 3.8 


0.86 ± 0.02 


2.62 ± 0.05 


1.76 ± 0.05 


P2-7 


82.8 ± 4.4 


384.0 ± 34, 1 


105.1 ± 6.4 


120.4 ± 10.2 


0.79 ± 0.02 


3.19 ±0.16 


2.40 ±0.16 




113.4 ±6.6 


SS5.4 ± 14.1 


140 7 ± 8.5 


118.7 ± 4.8 


0.81 ± 0.01 


4.68 ±0.10 


3.88 ± 0.10 


P-io 


77,5 ± 6.5 


244.4 ± 15.9 


86.7 ± 4.3 


95.8 ± 6.7 


0.89 ± 0.05 


2.55 ± 0.06 


1.66 ±0.08 


PS-28 


64.0 ± 5.2 


333.6 ±12.1 


100.6 ± 6.1 


94.7 ± 6.3 


0.63 ± 0.02 


3.53 ± 0.12 


2.89 ± 0.13 



Reactions containing the indicated probes and calculations were performed as described in Material and Methods and in the legend to Fig. 2. 
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fluorescence of a reporter dye on the 5' 
end. The degree of quenching is suffi- 
cient for this type of oligonucleotide to 
be used as a probe in the 5' nuclease PCR 
assay. 

To test the hypothesis that quenching 
by a 3* TAMRA depends on the flexibility 
of the oligonucleotide, fluorescence was 
measured for probes in the single- 
stranded and double-stranded states. Ta- 
ble 3 reports the fluorescence observed 
at 518 and 582 nrh. The relative degree 
of quenching is assessed by calculating 
the RQ ratio. For probes with TAMRA 
6-10 nucleotides from the 5' end, there 
is little difference in the RQ values when 
comparing single-stranded with double- 
stranded oligonucleotides. The results 
for probes with TAMRA at the 3' end are 
much different. For these probes, hy- 
bridization to a complementary strand 
causes a dramatic increase in RQ. We 
propose that this loss of quenching is 
caused by the rigid structure of double- 
stranded DNA, which prevents the 5' 
and 3' ends from being in proximity. 

When TAMRA is placed toward the 3' 
end, there is a marked Mg 2 * effect on 
quenching. Figure 3 shows a plot of ob- 
served RQ values for the Al series of 
probes as a function of Mg 2 * concentra- 
tion. With TAMRA attached near the 5' 
end (probe Al-2 or A 1-7), the RQ value at 
0 mM Mg 24 " is only slightly higher than 
RQ at 10 mM Mg 2+ . For probes Al-19, 
Al-22, and Al-26, the RQ values at 0 him 
Mg 2+ are very high, indicating a much 



reduced quenching efficiency. For each 
of these probes, there is a marked de- 
crease in RQ at 1 mM Mg 2 * followed by 
a gradual decline as the Mg z+ concen- 
tration increases to 10 mM. Probe Al-14 
shows an intermediate RQ value at 0 mM 
Mg 2 * with a gradual decline at higher 
Mg 2+ concentrations. In a low-salt en- 
vironment with no Mg 2+ present, a sin- 
gle-stranded oligonucleotide would be 
expected to adopt an extended confor- 
mation because of electrostatic repul- 
sion. The binding of Mg 2+ ions acts to 
shield the negative charge of the phos- 
phate backbone so that the oligonucle- 
otide can adopt conformations where 
the 3' end is close to the 5' end. There- 
fore, the observed Mg 24 * effects support 
the notion that quenching of a 5' re- 
porter dye by TAMRA at or near the 3' 
end depends on the flexibility of the oli- 
gonucleotide. 

DISCUSSION 

The striking finding of this study is that 
it seems the rhodamine dye TAMRA, 
placed at any position in an oligonucle- 
otide, can quench the fluorescent emis- 
sion of a fluorescein (6-FAM) placed at 
the 5' end. This implies that a single- 
stranded, double-labeled oligonucle- 
otide must be able to adopt conforma- 
tions where the TAMRA is close to the 5 f 
end. It should be noted that the decay of 
6-FAM in the excited state requires a cer- 
tain amount of time. Therefore, what 



TABLE 3 Comparison of Fluorescence Emissions of Single-stranded and 
Double-stranded Fluorogenic Probes 



518 nm 



582 nm 



RQ 



Probe 


SS 


ds 


SS 


ds 


SS 


Al-7 


27.75 


68.53 


61.08 


138.18 


0.45 


Al-26 


43.31 ' 


509.38 


53.50 


93.86 


0.81 


A3-6 


16.75 


62.88 


39.33 


165.57 


0.43 


A3-24 


30.05 


578.64 


67.72 


140.25 


0.45 


P2-7 


35.02 


70.13 


S4.63 


121.09 


0.64 


P2-27 


39.89 


320.47 


65,10 


61.13 


0.61 


P5-10 


27.34 


144.85 


61.95 


165.54 


0.44 


P5-28 


33.65 


462.29 


72.3? 


104.61 


- 0.46 



ds 




0.50 
5.43 
0.38 
3.21 
0.58 
5.25 
0.87 
4.43 

(ss) Single-stranded. The fluorescence emissions at 518 or 582 nm for solutions containing a final 
concentration of SO nM indicated probe, 10 mM Tris-HCl (pH 83), 50 mM KCL and 10 mM MgQ 2 . 
(ds) Double-stranded. The solutions contained, in addlUon, 100 nM A1C for probes Al-7 and 
Al-26, 100 nM A3C for probes A3-6 and A3-24, 100 nM P2C for probes P2-7 and P2-27, or 100 DM 
PSC for probes P5-10 and P5-28. Before the addition of MgCl 2 , 120 jxl of each sample was heated 
at 95*C for 5 rnin. Following the addition of 80 |U of 25 mM MgCl 2 , each sample was allowed to 
cool to room temperature and the fluorescence emissions were measured. Reported values are 
the average of three determinations. 



matters for quenching is not the average 
distance between 6-FAM and TAMRA 
but, rather, how close TAMRA can get to 
6-FAM during the lifetime of the 6-FAM 
excited state. As long as the decay time of 
the excited state is relatively long com- 
pared with the molecular motions of the 
oligonucleotide, quenching can occur. 
Thus, we propose that TAMRA at the 3' 
end, or any other position, can quench 
6-FAM at the 5' end because TAMRA is in 
proximity to 6-FAM often enough to be 
able to accept energy transfer from an 
excited 6-FAM. 

Details of the fluorescence measure- 
ments remain puzzling. For example, Ta- 
ble 3 shows that hybridization of probes 
Al-26, A3-24, and P5-28 to their comple- 
mentary strands not only causes a large 
increase in 6-FAM fluorescence at 518 
nm but also causes a modest increase in 
TAMRA fluorescence at 582 nm, If 
TAMRA is being excited by energy trans- 
fer from quenched 6-FAM, then loss of 
quenching attributable to hybridization 
should cause a decrease in the fluores- 
cence emission of TAMRA. The fact that 
the fluorescence emission of TAMRA in- 
creases indicates that the situation is 
more complex. For example, we have an- 
ecdotal evidence that the bases of the 
oligonucleotide, especially G, quench 
the fluorescence of both 6-FAM and 
TAMRA to some degree. When double- 
stranded, base-pairing may reduce the 
ability of, the bases to quench. The pri- 
mary factor causing the quenching of 
6-FAM in an intact probe is the TAMRA 
dye. Evidence for the importance of 
TAMRA is that 6-FAM fluorescence 
remains relatively unchanged when 
probes labeled only with 6-FAM are used 
in the 5' nuclease PCR assay (data not 
shown). Secondary effectors of fluores- 
cence, both before and after cleavage of 
the probe, need to be explored further. 

Regardless of the physical mecha- 
nism, the relative independence of posi- 
tion and quenching greatly simplifies 
the design of probes for the 5' nuclease 
PCR assay. There are three main factors 
that determine the performance of a 
double-labeled fluorescent probe in the 
5' nuclease PCR assay. The first factor is 
the degree of quenching observed in the 
intact probe. This is characterized by the 
value of RQ" f which is the ratio of re- 
porter to quencher fluorescent emis- 
sions for a no template control PCR. In- 
fluences on the value of RQ~ include 
the particular reporter and quencher 
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FIGURE 3 Effect of Mg 2+ concentration on RQ ratio for the Al series of probes. The fluorescence 
emission intensity at 518 and 582 nm was measured for solutions containing 50 nM probe, 10 mM 
Tris-HCI <pH 8-3), 50 mM KC1, and varying amounts (O-10 mM) of MgCi 2 . The calculated RQ 
ratios (518 nm intensity divided by 582 nm intensity) are plotted vs. MgCI 2 concentration (mM 
Mg). The key (upper right) shows the probes examined. 




dyes used, spacing between reporter and 
quencher dyes, nucleotide sequence 
context effects, presence of structure or 
ther factors that reduce flexibility of 
e oligonucleotide, and purity of the 
probe. The second factor is the efficiency 
of hybridization, which depends on 
probe T ral presence of secondary struc- 
ture in probe or template, annealing 
temperature, and other reaction condi- 
tions. The third factor is the efficiency at 
which Taq DNA polymerase cleaves the 
bound probe between the reporter and 
quencher dyes. This cleavage is depen- 
dent on sequence complementarity be- 
tween probe and template as shown by 
the observation that xnismatches in the 
segment between reporter arid quencher 
dyes drastically reduce the cleavage of 
probe/ l> 

The rise in RQ" values for the Al se- 
ries of probes seems to indicate that the 
degree of quenching is reduced some- 
what as the quencher is placed toward 
the 3' end. The lowest apparent quench- 
ing is observed for probe Al-19 (see Fig. 
3) rather than for the probe where the 
TAMRA is at the 3' end (Al-26). This is 
understandable, as the conformation of 
the 3' end position would be expected to 
be less restricted than the conformation 
gtf an internal position. In effect, a 
lencher at the 3' end is freer to adopt 
reformations dose to the 5' reporter 
dye than is an internally placed 
quencher. For the other three sets of 



probes, the interpretation of RQ" values 
is less clear-cut. The A3 probes show the 
same trend as Al, with the 3' TAMRA 
probe having a larger RQ*" than the in- 
ternal TAMRA probe. For the P2 pair, 
both probes have about the same RQ~ 
value. For the PS probes, the RQ" for the 
3' probe is less than for the internally 
labeled probe. Another factor that may 
explain some of the observed variation is 
that purity affects the RQ" value. Al- 
though all probes are HPLC purified, a 
small amount of contamination with 
unquenched reporter can have a large ef- 
fect on RQ". 

Although there may be a modest ef- 
fect on degree of quenching, the posi- 
tion of the quencher apparently can 
have a large effect on the efficiency of 
probe cleavage. The most drastic effect is 
observed with probe Al-2, where place- 
ment of the TAMRA on the second nu- 
cleotide reduces the efficiency of cleav- 
age to almost zero. For the A3, P2, and PS 
probes, ARQ is much greater for the 3' 
TAMRA probes as compared with the in- 
ternal TAMRA probes. This is explained 
most easily by assuming that probes 
with TAMRA at the 3' end are more likely 
to be cleaved between reporter and 
quencher than are probes with TAMRA 
attached internally. For the Al probes, 
the cleavage efficiency of probe Al-7 
must already be quite high, as ARQ does 
not increase when the quencher is 
placed closer to the 3' end. This illus- 



trates the importance of being able to 
use probes with a quencher on the 3' 
end in the 5' nuclease PCR assay. In this 
assay, an increase in the intensity of re- 
porter fluorescence is observed only 
when the probe Is cleaved between the 
reporter and quencher dyes. By placing 
the reporter and quencher dyes on the 
opposite ends of an oligonucleotide 
probe, any cleavage that occurs will be 
detected. When the quencher is attached 
to an internal nucleotide, sometimes the 
probe works well (Al-7) and other times 
not so well (A3-6). The relatively poor 
performance of probe A3-6 presumably 
means the probe is being cleaved 3' to 
the quencher rather than between the 
reporter and quencher. Therefore, the 
best chance of having a probe that reli- 
ably detects accumulation of PCR prod- 
uct in the 5' nuclease PCR assay is to use 
a probe with the reporter and quencher 
dyes on opposite ends. 

Placing the quencher dye on the 3' 
end may also provide a slight benefit in 
terms of hybridation efficiency. The 
presence of a quencher attached to an 
internal nucleotide might be expected to 
disrupt base-pairing and reduce the T m 
of a probe. In fact, a 2°C-3°C reduction 
in T m has been observed for two probes 
with internally attached TAMRAs. <9) This 
disruptive effect would be minimized by 
placing the quencher at the 3' end. Thus, 
probes with 3' quenchers might exhibit 
slightly higher hybridization efficiencies 
than probes with internal quenchers. 

The combination of Increased cleav- 
age and hybridization efficiencies means 
that probes with 3' quenchers probably 
will be more tolerant of mismatches be- 
tween probe and target as compared 
with internally labeled probes. This, tol- 
erance of mismatches can be advanta- 
geous, as when trying to use a single 
probe to detect PCR-amplified products 
from samples of different species. Also, it 
means that cleavage of probe during PCR 
is less sensitive to alterations in an- 
nealing temperature or other reaction 
conditions. The one application where 
tolerance of mismatches may be a disad- 
vantage is for allelic discrimination. Lee 
et al. <l> demonstrated that allele-specific 
probes were cleaved between reporter 
and quencher only when hybridized to a 
perfectly complementary target. This al- 
lowed them to distinguish the normal 
human cystic fibrosis allele from the 
AF508 mutant. Their probes had TAMRA 
attached to the seventh nucleotide from 
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the S' end and were designed so that any 
mismatches were between the reporter 
and quencher. Increasing the distance 
between reporter and quencher would 
lessen the disruptive effect of mis- 
matches and allow cleavage of the probe 
on the incorrect target. Thus, probes 
with a quencher attached to an internal 
nucleotide may still be useful for allelic 
discrimination. 

In this study loss of quenching upon 
hybridization was used to show that 
quenching by a 3' TAMRA is dependent 
on the flexibility of a single-stranded oli- 
gonucleotide. The increase in reporter 
fluorescence intensity, though, could 
also be used to determine whether hy- 
bridization, has occurred or not. Thus, 
oligonucleotides with reporter and 
quencher dyes attached at opposite ends 
should also be useful as hybridization 
probes. The ability to detect hybridiza- 
tion in real time means that these probes 
could be used to measure hybridization 
kinetics. Also, this type of probe could be 
used to develop homogeneous hybrid- 
ization assays for diagnostics or other ap- 
plications. Bagwell et aL <10) describe just 
this type of homogeneous assay where 
hybridization of a probe causes an in- 
crease in fluorescence caused by a loss of 
quenching. However, they utilized a 
complex probe design that requires add- 
ing nucleotides to both ends of the 
probe sequence to form two imperfect 
hairpins. The results presented here 
demonstrate that the simple addition of 
a reporter dye to one end of an oligonu- 
cleotide and a quencher dye to the other 
end generates a fluorogenic probe that 
can detect hybridization or PCR amplifi- 
cation. 
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We have developed a novel "real time" quantitative PCR method. The method measures PCR product 
accumulation through a duaHaheled fluoiogenlc probe (Lc, TaqMan Prob*). This method provides very 
accurate and reproducible quantitation oF gene copies. Unlike other quantitative PCR methods, real-Ume PCR 
does nor require poa-PCR sample handling, preventing potential PCR product carry-over contamination and 
resulting In much faster and higher throughput assays. The real-time PCR method has' a very large dynamic 
range of starting target molecule determination (at least five orders of- magnitude} Real-time Quantitative 
PCR is extremely accurate and less-labor-intensive than current quantitative PCR methods. 



Quantitative nucleic acid sequence analysis lias 
had an important role in many fields of biologi- 
cal research. Measurement of gene expression 
(RNA) has been used extensively In monitoring 
biological responses to various stimuli Clan ct ai. 
1991; Huang el ah 1995a, b; Prud'homme et al. 
1995). Quantitative gen* analysis (DNA) has 

iHt-ii u*cd to determine the j^ctui x J u* quantity of a 
particular gem*, as in the case, or ttie human HKR2 
gene, which Is amplified in -30% of breast tu- 
mors (Slamon et al. 1987). Gene and genome 
quantitation (UNA and UNA) also have been used 
for analysis of human immunodeficiency virus 
(JIlV) burden demonstrating changes in the lev- 
els of virus throughout the different phases of the 
disease (Connor et al. 1993; Platak ct al. jvv:*h; 
I : urtado el al. 199S). 

Many methods have heen descrlhcd for tin-, 
quantitative analysis ot nucleic acid sequences 
(both for RNA and DNA; Southern 1 V/6; Sharp ct 
al. 1980; Thomas 19«0). Recently, PCR has 
proven to be a powerful tool for quantitative 
nucleic acid analysis. PCR and reverse transcrip- 
tase (KT)-PCR have permitted the analysis of 
minimal starting quantities of nucleic acid (as 
little as one cell equivalent). This has made. i>os- 
sible many experiments that could not hove, been 
performed with traditional methods. Although 
PCR has provided a powerful tool, it is imperative 



that it be U5eU properly for quantitation (U*«y- 
maekers 1995). Many early reports of quantita- 
tive PCR and RT-PCR described quantitation of 
the PCR product hut did not measure; the Initial 
target sequence quantity. It is essentia) to design 
proiK-r controls for the quantitation of the initial 
target sequences (Perrc 1992; Clement 1 ex al. 

KetMirchcxs have developed several methods 
of quantitative PCR and RT-PCR. One approach 
measures PCR product quantity in the log phase 
of the reaaton before the plateau (Kellogg et al. 
1990; Pang et a), 1990). This method requires 
thai each sample has equal input amounts of 
nucleir add and that each sample under analysis 
amplifies with identical efficiency up to the. point 
of quantitative analysis. A gene sequence (con- 
tained in all samples at relatively constant quan- 
tity such as p-actln) can be used for sample, 
amplification efficiency normalization. Using 
conventional methods of PCR detection and 
quantitation (gel electrophoresis or plate capture 
hybridization), it is extremely laborious to assure 
that all samples are analyzed during the log phase 
of the reaction (for lx>lh the target gene and the 
normalization gene). Another method, quantita- 
tive competitive (QQ-PCR, has been developed 
and is used widely for PGR quantitation. QC-PCR 
relics on the inclusion of an internal control 
competitor in each reaction (Becker-Andre 1991; 
Platak ct al. The efficiency of each re- 

action is normalised to the internal compel Hor. 

A known amount of Internal competitor Can be 
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added to each sample. To obtain relative rjnani- 
tatlon, the unknown large! PGR product is com- 
pared with the known competitor \KM product. 
Success ufa quantitative competitive VCA< assay 
relies on developing an Internal control am- 
jilifii-vs with the same efficiency as the Uuget mol- 
cculC. The design Of the competitor and the vali- 
dation of amplification efficiencies jcqulrc a 
<ieUtcatcd effort. However, because QC-l'CR does 
not require that PCRpmduCts be analyyud during 
the log pi of the. amplification, it is tin; easier 
vf thr two methods to use, 

Sevenil detection rfystcim mic used for quan 
Utativc PCR and RV-l»Ctt analysis; (J) aguntfc 
gels, (2) fluorescent labeling of PGR products and 
detection with ln.it?r-iiuluor.d fluorescence using 
capillary electrophoresis (Pasco ct al. 1995; Wll- 
Hams et ah 1996) or acrylaiulde gels, and (3) plate 
capture; and sandwich probe hybrid I /a lion 
der c.1 al. 1994). Although these methods provrd 
successful, each method requires posl-3'CR ma- 
nipulations that add time to the analysis and 
may lead to hibumtoiy i onlrtuilnation- The 
sample throughput of these jnelliodn i.s limited 
(with I he vxccpilon of the plate capture ap- 
proach), jmd, th«ri:fcjn% these methods ore not 
well suited fuj u.sc* demanding high sample 
throughput (I.e., .screening of large numbers of 

bli>{uwtcn.ult;?> tn <uiix\y/Anfi SAmptva fur dia^xlua- 

Ucs clinical trials). 

Here we report .the development of a novel 
assay for cpiantltative TWA analysis. The assay is 
imse-d on th<? of the 5* nuclease assay (Ivst 
described by Holland' et al. (199J). The method 
uses the 5' nucleate, activity of 7Vi// polym crane to 
cleave a n on extendible hybridization probe dur- 
ing thr extension phtw of 1'OU. Thi; approach 
uses dual-labeled fluorogenic hybridization 
probes (Lcc ct n). 3 993; Hasslcr ct al. 1993; hlvok 
ct al, 1$9&»,b). One fluorescent dye neTvcs as a 
reporter |PAM (i.e., G-carboxyfluorcsvci")! and its 
emission spectra is quenched by the second fluo- 
rescent dye, TAMRA (l.ft., fj-carboxy-tetramcthyl- 
rhodaminc). The nuclease degradation of the hy- 
bridization probe releases the quenching; of Ihe 
I'AM fluorescent einisskiu, resulting in an In- 
crease In peak fluorescent emission at nm, 
Hie use of a sequence detector (AUI Prism) allows 
measurement of fluorescent spectra of all 96 wvils 
of the thermal Cycler continuously during the 
1*CK amplification. Therefore,, the reaction* uje 
monitored in real time. The output data is de- 
scribed and quantitative unalyab of input urgci 
I )NA sequences Ls diactmed below. 



RESULTS 

PCR Produce Defection in R«al Time 

'11k* goal was to develop a high-ihroughput, sen- 
Nitiw, and nururalc gene quantitation assay for 
use In monitoring lipid mediated thctrapoutic 
gene delivery, A plasntld encoding human factor 
VIII gene svquftrtce, pI<*8TM (see Methods), was 
used as a model therapeutic gune. 'N™ asi * ttv " so * 
fluorescent Taqmun methodology and an instru- 
ment capable of measuring fluorescence in real 
time (Alii Prism 77(H) Sequence Dctcclnr). Ihe 
Taqnwm reacllon requires a hybridization prohr 
lal>cled witlj two different fluorescent dyes. One 
dyt* is a reporter dy« (KAM), the other w x quench- 
ing dye (TAMRA). When tiie proU: is inlacl, fluo- 
icsccjil energy transfer occurs and the reporter 
dye fluorescent emission is absorbed by the 
quenching dye (TAKfRA). During the extension 
phase of the I'CK cycle, th<* fluorescent hybrid- 
WjittiKt firoi>c Is cleaved by the 5 nuclcolytic 
octivity of thr DNA polymerase. On cleavage of 
the probe, the reporter dye emission is no longer 
transferred efficiently ro ihe quenching dye, re 
suHinK hi an increase of the reporter dyu flu ore t- 
cent vn nation »p*Ctra. PCR primers uud probe* 

were designed ft*< the Jiuinafi factor VJ1J se- 
quence <ind human p-aetln gene (as described in 
Mctliods). Optimization reactions were per- 
formed to choose the appropriate probe und 
magnesium concentrations yielding ihe IukIh'S* 
intensity of reporter fluorescent sigrutl without 
sacrificing specificity. The Inslrumenl uses a 
ehhrgt>couplcd device (i.c\, CCD camera) for 
measuring the fluorescent emission speclm /run* 
.100 tf> rtSO nm. Kach PC:u tube was monitored 
sixpientiidly tor 2& msec with continuous jnoni- 
toring throughotit the ttmplificatioii. Each lube 
wa,% rr.-cxandncd every B»5 sec. Computer soft- 
ware was designed to examinr the f hi orescent In- 
tensity of both the reporter dye (FAM).and 
the quenching dye (TAMRA). The llnoresecnt 
intensity of the quenching dye, TAMRA, change 
very lit lift over the course, of the PCR amplify 
cation (data not shown). Therefore, ihe intensity 
of TAMRA dye emission serves «n an internal 
Mandard with which to normal bse the reporter 
Oyi: (PAM) emission variations. The software ctil- 
cu tales «a valuv termed ARn (or ARO) usln^; the 
following equation: ARn - (Rn J ) (R»")i where 
Kn 4 . • endSHioii ii j ten shy of reporter/emission in- 
tensity of quencher at any given time In a reae 
rion tube, and R'u r» emission intensility of rt*- 
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HLit) I I Al- 
port cr/cm I ssion huemiiv uf quencher m co.su red 
prior 10 I'CK ainpliiication in lhat same reaction 
tube. ) ; or the purpose of quantitation, the W 
three data points (ARm) collected during the ex* 
tension- step for each 1 J CR cycle wore analyzed. 
The nudeolytic degradation of the. hybridization 
probe occ urs during the' extension phase or rtat, 
and, therefore, reporter fluorescent cumMun In- 
creases during this time, 'liu: tluw data point* 
were averaged for each KJK cycle and the mean 
value for each was plotted in an "amplMlcauon 
plot" shown in J'igurc J A. The AKn mean value is 
plotted on the j'-axis, and time, represented by 
cycle number, is plotted on theA-axis. During the 
early cycles of the PCR amplification, the AKn 



value remains at base hoc When .sufficient hy- 
bridization probe has been cleaved by the Tin; 
]x>lym erase miHe,A66 activity, the intensity of re- 
porter fhiorcvtccm emission increase*. Most PCU 
amplifications reach a plateau phbNo of reporter 
fluureMTtil emission if the rcaeliun Js c&rtio<\ out 
10 high cycle nujiAWs. The amplification plot lit 
examined tviiy in lint taction, ut a point thai 

iej)jcsents iiw log phase of product arnnnula> 

turn. This is done by assigning an aihiUury 
'threshold thai in based on the variability of the 
bastsiiiiedata- fn Vigor* 1 A, the threshold was xc.t 
at JO standard deviation*; above, the mean Of 
base linfl emission calculated from cycles 1 lo 1 5. 
Once the threshold Is chosen, the point at which 
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Figure 1 PGR product detection in real time. (A) The Model 7700 Mjflwan? will consi met amplification ploU 
from the extension phase fluorescent emission data collected during the PCR amplification. The standard de- 
viation is determined Irom the data points collected from the base line of the amplification plot C, values are 
calculated by determining the point at which the fluorescence exceeds a threshold limit (usually 10 times the 
Standard deviation of the base line), (B) Overlay ot amplification plots of serially (1 :2) diluted human genomic 
DNA samples amplified with ftactin primers. (Q Input DNA concentration of the samples plotted versus C T . All 
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the amplification plot crowed the threshold ivdc 
fined as C r . C, is reported us the cycle number at 
this point. Aft will be demonstrated, the C\ .value 
lit picdicdve of the quantity of input t'trgei. 

Cx Values Provide a Quantitative Measurement* of 
Input Target Sequences 

Figure IB shows amplification plot* of 2i*<cli¥fe»'- 

eni PGR amplifications overlaid. The amplify 
tlonf! were performed on a 1:2. serial dilution •«?. 
human genomic JWA. The amplified target Wat 
human p octin. The amplification plots Khifl to 
the right (to higher threshold cycles) nx the input 
target quantity is reduced. JTw is expected ho 
wmrn rttHCttoriK with fewer starting capitis of tho 
target molecule require greater amplification to 
degrade enough probe to attain the Threshold 
fluorescence. An arbitrary threshold of 10 stan- 
dard deviations above the base line was used to 

determine the G r values. Figure 1C represents the 
C r values plotted versus the sample dilution 
value, Each dilution was amplified, in triplicate 
Pf'R amplifications and plotted as mean values 
with error bars representing one standard devia- 
tion. The C T values decrease linearly with increas- 
ing target quantity. THUS, G, values can be used 
as « quantitative measurement of the input target 
number. It should be noted that the amplifica- 
tion plot for the 15.6* ng sample shown In Wgurc 
IB does not reflect the same fluorescent rate of 
Increase exhibited by most of the other samples. 
'Hie 15,6-Jlg sample also achieves tmdpoiM pla- 
teau at a lower fluorescent value than would he 
expected based on the input DNA. This pheuom* 
enon has been, observe*! /occasionally with other 
samples (data not shown) and may be attribut- 
able to late cycle inhibition; this hypothesis is 
still under investigation. It is important to note 
that the flattened slope and early plateau do not 
impact significantly the calculated O, value us 
demonstrated by the fit on Die Hue shown in 
Figure. 1 C, Ail triplicate amplifications resulted in 
very similar Or values— the standard deviation 
did not exceed 0,5 for any cNJuilon. This experi- 
ment contains a >!00,000-fo1d range of Input tar-- 
get molecules. Using C v values for quantitation 
permits a much larger assay range than directly 
using total fluorescent emission intensity for 
quantitation. The linear range oJ Uuorcsccni in- 
tensity measurement of the Alii I'rlain 7700 Sc- 
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mehts over n very large of rMatlvr* ciartlng 

targot quantities. 

Sample Preparation Validation 

Several parameters influence the et'licletiry nf 
PC.R umplification: magnesium and sail concen- 
trations, reaction conditions (i.e., time and le.m* 
pc.ruture), PCH target size and composition, 

primer sequences, and sample purity. All of The 
above factors are common to a single TCR assay, 
except sample to sample purity, in an effort to 
validate the. method of sample preparation for 
the factor VJJ1 assay, PCK amplification reprodno 
ibility and oiflciency oi 10 replicate sample 

preiiaratioiis were examined, Afte.r genomic DNA 
wax prepared from the 10 replicate samples, the 
DNA was qunmkalcd by ultraviolet spectroscopy, 
Amplifications were performed analyzing p-aciln 
gene content in 100 and 25 ng of total genomic 
DNA. Each VCR amplification was performed in 
triplicate. Comparison of C r values for each t rip- 
licate sample show minimal variation basi"d on 
standard deviation and coefficient of variance 
(Table l). Therefore, each ol the triplicate pen 
amplifications was highly reproducible, demon- 

Stratlng that real time PGR using this instrumen- 
tation introduces minimal variation into thw 
quantitative J'CR analysis. Comparison of the 
mean CV, value* of the 10 replicate sample prepa- 
rations also showed minimal variability, indicat- 
ing that each sample preparation yielded similar 
results for f-t-actln gone quantity. The highest C; T 
difference between any of Urn samples was 0.S5 
• and 0.73 for the J00 and 25 ng samples, respec- 
tively. Additionally, the amplification of cadi 
sample exhibited an equivalent rate of fluores- 
cent emission intensity change per amount of 
DNA target analyzed as indicated by similar 

slopes derived from t he sample dilut ions (Pig. 2). 
Any sample containing an excess of a VCii inhibi- 
tor would exhibit a greater measured 3-actln O r 
vakic for a given quantity of DNA. In addition, 
the inhibitor would be diluted along with the 
.sample in the dilution analysis (Hig. Z), altering 
the expected C r value change. Each .sample am- 
plification yielded a similar result in trie analysis, 
demonstrating that this method of sample prepa- 
ration is highly reproducible with regard lo 
sample purity. 

Quantitative Analysis of a Plasm id After 
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Ti«bl« 1. Reproducibility of Sample Preparation Method 



Samplo 
no. 

T 



10 



* * ■ mm* win 



Mean 



18.24 
18.23 
-10.33 
18.33 
18.35 
18,44 
1S.3 
18.3 
18.42 
18,15 
18.23 

18.32 

18.4 

18.38 

18.46 

18.54 

1 8.67 

19 

18.28 

18.36 

18.52 

18.45 

18.7 

18.73 

18.18 

18,34 

18.26 

18.42 
18.67 
18.66 

0 10) 



100 ng 



standard 
m6an deviation 



1<*.27 0.06 



18.17 0.06 



18.34 0.07 



18.23 O.OS 



10.42 0.04 



18.74 0.24 



18.39 0.12 



18.63 0.16 



18.29 0.1 



1 fi.SS 
18.-12 



0.12 
0.17 



cv 



0.32 
0,37 
0.36 

0.46 

0,23 

1.26 
0.66 
0.83 

0.66 
0,90 



20.48 

20.55 

20,5 

20.61 

20.59 

70.41 

20.54 

20.6 

20,49 

20.48 

20,44 

20.38 

20.68 
20.87 
20.63 
21,09 
21,04 
21.04 

20.67 
20,73 
20.65 

20,96 
20.84 
20.75 
20,46 

20.54 
20.48 
20.79 
20.78 
20.62 



25 ng 



4 1 t 



mean 



20.43 



20.51 

20.73 
20.66 



standard 
deviation 



20.51 0.03 



70.54 0,11 



20,54 0.06 



0.05 



20.73 0.13 



21.06 0.03 



20.68 0.04 



20.86 0.12 



0,07 

0.1 
0.19 



cv 



0,17 
0.54 

0.28 
0.26 

0.61 

0.15 

0.2 

0.57 

0.32 

* 

0.16 
0,94 



tor containing a partial cDNA for human factor 
vin, pi-BTM. A scries of transfectjons was sot 

up using a decreasing amount of the plasinid v <40, 
4, 0.5, and O.I p,g). 1*wt-my-four hours post- 
tranafec-tinn. total DNA w«j$ purified fn>m each 
flask of celh. p-Aclin gciie.u.uajillly wa* chosen a* 
a value for normali^atiwn or ^.rjuifiic. DNA con- 
centration from each sample, hi this cxpeuimtul, 
(i-actin Rent content should remain constant 
relative to total genomic DNA. Fl^irc 3 shows the 
result of (he p-acrlu JDNA mcasurtment (300 jig 
total DNA determined by ultraviolet spectros- 
copy) oi each sample.. Kach sainple was analysed 
in triplicate and the mean (i-actin Gy values of 
the triplicates were .plotted (error bars represent 



between any iwo sample* moans was 0.95 C,* Ten 
nanograms -of total DNA of «ach Sample were also 
examined for p-aclln. l"hc results «$uhj showed 
that very similar amounts of genomic DNA were 
present; the maximum mean p actio C: t value 
difference wa.* 1 .0. As Figure 3 shows, the rate of 
P-aetJu C r chanKc between the 100 and 10-ng 
sample* was similar (slope values rangw between 
3.56 and .-3.4£), This verifies again that the 
met hot) of sample preparation yields samples of 
identical PCR integrity (h<~* no sample contained 

an excessive ainuuni of a PCR inhibitor). How- 

ever, these results; indicate that each sample con- 
tained slight difference* in the actual amount of 
genomic DNA analysed. Determination of actual 
uunojiiic ONA concentration was accomplished 
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Figure 2 Sample preparation purity. 1 he replicate 
samples shown In Table 1 woro also amplified In 
tripicate using 2S ng of each DNA sample. The fig- 
uifc shows die input DNA concentration (100 and 
25 ng) vs, C, In ih*» figure, the 100 nnd 75 ng 
points for ftach sample are connected by a line. 



by plotting the mean fi-actio C, value obtained 
for uaeli 100-llg btunplv; un «» £-acdn standard 
i.-uive (shown In J'Sg- 40). The actual genomic 
DNA concent mf I <>» of each sum pic, was ob 
talncd l>y extrapolation 1o tliu X 

Figure 4 A shows the measured (I.e., n«m» 
normalised) quantities "f factor VJJI pltisirdd 
DNA (pWM) from each of tht: four transient cell 
trar infections. Each reaction contained 100 Off of 
total sample DNA (as determined by UV spectro* 
copy}- llach sample w;is analyzed in triplicate 
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l*9 ("9 lnp« ONA ) 
Figure * Analysis of heinsiectcd cdl DNA quantity 
and purity. I he DNA preparations of the fouf 293 
eel! transections (40, 4, 0.5, and 0.1 jxg of pF8TM) 
were analysed for the 0-actln gene* 100 and 10 ng 
(determined by ultraviolet spectroscopy) of each 
sample were amplified in triplicate, For each 
amount of pF8TM that was transferred, the p-aciln 
C T values are plotted versus the total Input DNA 



E0KH 



PClU ;rmplificatku)K. As shown, pI'BTM purified 
..fUiio Jbv ZQ'A cells decreases (mean C, values uv 
eruii^i';/ with decreasing amounts of plasm (d 
druitsu'Ucd- The mean C L values obtained fur 
pK8TM in TlgufC 4A were plotted on a standard 
curve cc*mprlJ*ed uf scilully diluted pKHTM, 
shown .in figure 4B. The quantity uJ plttTM, h, 
found in each of the four transections was de- 
termined- by extrapolation to the x uxh of tlio 
standard curve In figure 4H, These uncorrected 
values, b, for pHTJ'M were 'itoritialbAid to deter- 
mine Uie aeltwl amount of pra a l*M found pur 100 
ng of genomic DNA by using the equation:. 

X 10 0 ng actual plWM copies ner 

r 100 ng of genomic DNA 
where a -actual genomic ONA in u sample and 

l> ^ pP8'l*M copies from the standard curve. 'Die 
nonnaJir-«d quantity of pl'BTM per 100 ns of ge- 
nomic DNA for each of the four tramf actions Is 
snown In higure 4JJ. 'rli^e rr^»ull^ Miow m«i the 
quanmy of factor Vlll ptasmtd a^ttcJuted wiih 
the 293 cells, 21 hr after lr«iisfwli<«i, di:i.u:«ise.v 
with Oecreasiug pJwMiitU uim.«iuiatJou used tu 
the transection. The quantity of pl ; Bi'M associ- 
ated with 293 cell^ after uumfectton with 40 ng 
of pliiKmid, was 35 pgptir 100 ng genomic DNA« 
Tills results in -520 j;lasmkl copies per cell. 



DISCUSSION 

Wo have described a new method for quantitnt- 
iug gene copy numbers using realtime analysis 
of PCR amplifications. ReaMlmc PCK is compat- 
ible with clthvT of the two PCK (KT-PCR) ap- 

pruacho: (1) quantitative competitive where an 
internal wmpcliior for each target sequence iy 
used for noirn ah nation (data not shown) or (2) 
qu a u titailve comparative PCK using a nouurtliza- 
tion gene contained within the sample (i.e., p-nc- 
tin) ox a ''housekeeping" gene for RT-PCK, ff 
equal amounts of nucleic add are aualy/ed for 
each sample and if the amplification efficiency 
before quantitative analyst <> identical for each 
sample, the Internal coultol (nui'ma|i?s»l5on ftene 
t>r competinjr) should Rive equal M^nals for flIJ 
samples. 

The real-time PCK method offers several ad- 
vantages over the other two methods currently 
employed (see the Introduction). Tirst, the real- 
time PCK method is performed in a doscd-tube 
system and requires no post-PCR manipulation 
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Figure 4 Quantitative analysi* of pFSTM in transfected cells. Amount of 
plasmid DMA used for I he trunsfociion plotted against the mean C, value deter- 
mined for pffiTM remaining hr alter IramlecrJon. (0,Q Standard curves, of 
pPATM and 0-actIn, respectively. pi"8TM DNA (0> and genomic t>NA (Q were 
diluted finally 1 ;5 be /ore amplification with the appropriate primer*. The p-actin 
standard curve wav usod to normalize the results of A to 100 n<j of genomic DNA. 
(0) The amount of pFSTM present p^r 100 tig of genomic DNA. 



of sample Therefore, I he potential for FCR con- 
tamination in the laboratory is reduced because 
amplified product k can be analyzed and disponed 
of without opening the reaction tubes. Second, 
this method suppoiU the use of a norniiilixiiiJon 
gene (Lc, P-actin) for quantitative. PCR or house- 
keeping genes for quantitative RT-l'CU controls, ' 
Analysis Js performed in real lime during the Jog 
phase of product accumulation. Analysis during 
K»k phase permits many different genes (over a 
wide input target range) to be analyzed simulta- 
neously, without concern of reaching reaction 
plateau at different cycles. Tins will make uiulll- 
gens analysis assays rnuch caMei to develop, be- 
cause individual internal uiiupctUoi* will not. be 
needed for each gene under analysis Third, 
sample throughput will uu.itasc diamalicaliy 
with the new method because there is no post- 
PCR processing time. Additionally, wot king In a 
96-wcll formal Is highly compatible with auto- 
mation technology. 

The real-time PCR method i}> highly repro- 
ducible. Replicate amplifications can be analysed 



for each sample minimizing j>otentl«l error. The. 
system allows* for a very large assay dynamic 
range (approaching 1,000,000- fold Marting Uii- 
gol). Utfliig a .standard curve for the. target oi u> 
terest, relative copy number values can be deter- 
mined for any unknown nun; pic. fluorescent 
threshold values, C JV coueJair. linearly with rela- 
tive DNA copy number.-?. Real time quantitative 
KT-I'CK methodology (Gibson ct ah, this IjuemcO 
has also been developed, finally, real time quan- 
titative PCU methodology can be used to develop 
high-throughput screen hi g aaaay.s for * variety of 
applications fquamjtallvc gene &ipi eaaiuii (KT- 
PCR), gene copy oasaya (I1cr2, II1V, etc.), gcm> 
typing (knockout mouse analysis), and Jmnium»- 
POUJ. • 

Real-time POU may al»o be performed using 
intercalating dyes (Higue.hi. ct al- "\WA) such as 
eiJiJdium bromide. The fluorogenic probe, 
method offers a major advantage over inter- 

4 

oalaimg dyes- greater specificity (i.e., primer 
dimers and nonspecific PCR products art not de- 
t tuned). 

■ - 4 
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METHODS 

Generation of <t PUsmid Containing a Partial 

cDNA Tor Human Factor VIII 

Total HNA wa& hnrveMcd (UNA*** H (win T«l Ten, Inc., 
^ncfid5v\'OOd r TX) from evll> it*i»»fccled wtlh 4 factor VIII 
rxjirusskm vector, pCiK2.tk?.SU (Katun el id. WHO; Gor. 
mnn ct at. 1990). A factor VIII partial cl>NA voquriuv WflJi 

^■Mi-mtoa by irj- KionoAmp V'J, iTih UNA Kit 
(part No0K-0T7*>, i'fc Applied isiosystcm - *:, I'ostvi City, CAJJ 

uslnp the l J c:n j Midlers KHfor Pflrev (priim**' tt«frueiin-A 

are shown below), 'Hit' ampllcon was reanipiiuVd using 
modified MWor and Wrcv primers' wix-mh-d wlih-ftawlll 
and /Ywdlli restriction sire sequences «t *J»v V end) and 
cloned Into pO'KM- 3Z (Pronirgu Corp.. Mutlwon, Wl). The 
resulting <i«nr, pPSITrf, was uwtl lor transient transfectlon 



Amplificailon of Target DNA ami Detection Of 
Amplicon Factor VII! Plasmid DNA 

(prtJTM) was amplified with Our (mihk-ia l^HUn 5'-CX;<;- 

cmKUiAAtiAUiiTjAtitiiCiTC-S' and i ! »rev ,s*-aaa<:c;t- 
t^oc^rrc?CjA*jxi(rrA<iC-3'.1lic jvttt iUui i»<uJtiwi « 

i>p i*t:K product. The forward primer wo* de>lxnud to lev 
ogntxc a unique .M (|nniu' ftnmd In the »V untranslated 
region of tile patent pC152.lk251> pldMiml mid dtuicfore 
dov» not feuiignUu <iud amplify the human factor VIII 
gene, frimor* woro choxon with thy avsisWurf of iho com- 
puter program Oligo (Nutinnid lliuveicnees, Inc.. Ply- 
mouth, MN). The iuiman p-actln g<*ne wa<; amplified with 
the primer* I>-m tin forward primer . < S , 'TCACC , «0A<1A< <Vl YV 
GCCCATCrACX.A-.V and 0-actijj reverse piimer .V-CAC- 

CGGAACc:0(ri<:Ar-|(;<;c^AJ'GG-3'. The reaction pro- 
oueeo a 2V5*hp rOk product. 

Amplification reactions (50 jxl) coj it Hi ned a UNA 
sample, K*x |"CR Kuffur II (6 200 ^ UA1T, dCTl\ 
dGTP, and 400 p,M dUTI', 4 tnM MgCI,, Units Ampil 
7W</ DNA polymerase, 0.5 unit AmpKrnw uracil N-fily- 
tawylujK* (UNO), 50 pinole of each facloi VIII pdmei, und IS 
p*i ■« of uue.h p actio pdmor. Tho leavtloik* al*o i»inlatncd 

one of the following detect i«n pmiK** (ino nu each): 
l'8j>rt.»bc A'<iuw)ACJcrj , crj , c:c:Ai^;T<jcrn , (- rf n , T(:Tc:T- 

GCOTT{TAMRA)p 3' rtiiti P-nt1in probe 5' (FAM)ATGf.X:C- 
X(TAMKA)COCCCAT0t:CATCp-3' where p indicates 
phnAphnrytAfioii nnd X Indlrotcs a linker arm nucleotide. 
Reaction IuIk-? ww MicnjAft\p Optii^I Tubes (part num- 
ber NK01 OO'iX, Pcridn Ulmer) that wure f rufiUKl (Ml IVrl;in 
Hlnicr) to prevent liyhl from /cflceilnp, Tube capi were 
ilniil^v tn MieroAaip Cnpa Intl Specially dtaiftiicci to pre- 
vent light scattering. All <il the Vi'M i&mHutnhhU'* wcro »U}w 
j/li«d l>y PK Applied ltio*y*t<-ni» <|i<>»tor C!Hy, CA) except 
thr factor VI 11 priiuem, whlcn weic jtyrnhrsi/cd ul Ceitcn 
lech. Inc. (Smith Pranclseo! CA). Pro he*- wm* desl^nt-d 
using the Oligo 4.0 .noflworc^ following guldelliies kuj;- 

^CMcti in tnc Model 7700 .sequence Peuruw limiuiiienl 
manual. Brlcny, probe T m s}itiuU Iw fli least 5 U (J lilfther 
Ulan the aruieiillux leuitn'Mhirc uaccI during U»crmul cy- 
rlutg; primers should Jiwl fonu sialAv duplexed with Hit- 
probr. 

'Hie theniMi) cycling cuiiditldivs Included 2 Jiiln »i 
50^'; and 10 min al 95 f, C. 'Iliejinal cycling prr>crr<led with 

90M 
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reactions were tKsrfonned W» iho Modol 770tKScc|UCiKT IX*- 

!«n*tor (l*t Applted Uloatyslviiifc), _wldrh coiiialnv Criu-- 
Amp l*< :U Syswm WOUO. UeaUlon eouditioi^ w<Tf pirv 
flruiiimod on .i I'wwor Macint«»lt VI (Kl (Apple Uimpinpr, 
Santa Clara, CA) linked dirvoly to the Model V?f»ft .Si 1 - 
qucnev lkitffctor* An»'y*l» *»( data w»v nUu \%or<tutnv<i on 
the M»»i-Ut<»sh computer, < Vtllnctlon and mialydc «ifiw:*ro 
w«* develn|wl Ht l*K A|>plivd ttlosy*Umis. 

Traiufection of Cells with Factor VIII Construct 

JVmr T17S ttaskfi of 293 cells {AW. CM. 1573), ;i human 
fetal kidney sutipeofcion cell line, were ^mwn to ft0*M) ton- 
Huem-y And transfceted pI'KI'M. Cells were k«>wii in the 
f»1l<iwifig media: S0% HAM'S W12 without GUT, MW» ^ 
glucose nvtJl>c<XNi*3 modified KaKlemediuiii (UMUM) wltli* 
enn glycine with sodium bicarhtinate, ia% ictal bovine 
seruui, 2 ihm L^luUiniiK^ and 1% penicilliii-strcpinmy- 
vln. The media was vhsnfjed 30 mln Wo«' tl»t- honsfee 
lion, plWM DNA Amounta of 40, 4, OS, .ind 0.1 were 
added lo ml of a solution containing 0.125 m CaCA?; 
«nd 1 x HWliS. 1*he four mixtures were left at room tin*. 

IJCTtori* U*t TO mln and trien inKletl Hn ipwlw to the cells-. 
The n»*k* wviehiuuUdcd at 37°C *>n**t - r -^ <:O a for 24 hr, 
wuvhed with PltSt, «nd f*w u spcndcd In PllS. The roptiiM 
pt*mKd eclb were divided into ulitpjnla und DMA wa« ev- 
tTH«ted hiifticdlulely twing thvQlAa/np HJvmkI Kit (C^Ugen. 
Uwuvrvorth, C«A). I>NA W(i.s e.luted Into 200 of 30 n.u 
TrMICi ul pll HA), 
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Contributed by David Botstein and Arnold J. Levint, October 21, 1998 

ABSTRACT Wnt family members are critical to many 
developmental processes, and components of the Wnt signal- 
ing pathway have been linked to tumorigenesis in familial and 
sporadic colon carcinomas. Here we report the identification 
of two genes, WISP-1 and WISP-2, that are up-regulated in the 
mouse mammary epithelial cell line C57MG transformed by 
Wnt-1, but not by Wnt-4. Together with a third related gene, 
WISP-3, these proteins define a subfamily of the connective 
tissue growth factor family. Two distinct systems demon- 
strated WISP induction to be associated with the expression of 
Wnt-1. These included (i) C57MG cells infected with a Wnt-1 
retroviral vector or expressing Wnt-1 under the control of a 
tet racy line repressible promoter, and (it) Wnt-1 transgenic 
mice. The WISP-1 gene was localized to human chromosome 
8q24.1-8q24J. WISP-1 genomic DNA was amplified in colon 
cancer cell lines and in human colon tumors and its RNA 
overexpressed (2- to > 30-fold) in 84% of the tumors examined ' 
compared with patient-matched normal mucosa. WISP-3 
mapped to chromosome 6q22-6q23 and also was overex- 
pressed (4- to >40-fold) in 63% of the colon tumors analyzed. 
In contrast, WISP-2 mapped to human chromosome 20ql2- 
20ql3 and its DNA was amplified, but RNA expression was 
reduced (2- to > 30-fold) in 79% of the tumors. These results 
suggest that the WISP genes may be downstream of Wnt-1 
signaling and that aberrant levels of WISP expression in colon 
cancer may play a role in colon tumorigenesis. 



Wnt-1 is a member of an expanding family of cysteine-rich, 
glycosylated signaling proteins that mediate diverse develop- 
mental processes such as the control of cell proliferation, 
adhesion, cell polarity, and the establishment of cell fates (1, 
2). Wnt-1 originally was identified as an oncogene activated by 
the insertion of mouse mammary tumor virus in virus-induced 
mammary adenocarcinomas (3, 4). Although Wnt-1 is not 
expressed in the normal mammary gland, expression of Wnt-1 
in transgenic mice causes mammary tumors (5). 

In mammalian cells, Wnt family members initiate signaling 
by binding to the seven-transmembrane spanning Frizzled 
receptors and recruiting the cytoplasmic protein Dishevelled 
(Dsh) to the cell membrane (1, 2, 6). Dsh then inhibits the 
kinase activity of the normally constitutively active glycogen 
synthase kinase-30 (GSK-30) resulting in an increase in 
0-catenin levels. Stabilized j3-catenin interacts with the tran- 
scription factor TCF/Lefl, forming a complex that appears in 
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the nucleus and- binds TCF/Lefl target DNA elements to 
activate transcription (7, 8). Other experiments suggest that 
the adenomatous polyposis coli (A PC) tumor suppressor gene 
also plays an important role in Wnt signaling by regulating 
/3-catenin levels (9). A PC is phosphorylated by GSK-3/3, binds 
to /3-catenin, and facilitates its degradation. Mutations in 
either APC or 0-catenin have been associated with colon 
carcinomas and melanomas, suggesting these mutations con- 
tribute to the development of these types of cancer, implicating 
the Wnt pathway in tumorigenesis (1). 

Although much has been learned about the Wnt signaling 
pathway over the past several years, only a few of the tran- 
scriptionally activated downstream components activated by 
Wnt have been characterized. Those that have been described 
cannot account for all of the diverse functions attributed to 
Wnt signaling. Among the candidate Wnt target genes are 
those encoding the nodal-related 3 gene, Xnr3, a member of 
the transforming growth factor (TGF)-/3 superfamily, and the 
homeobox genes, engrailed, goosecoid, twin (Xtwri), and siamois 
(2). A recent report also identifies c-myc as a target gene of the 
Wnt signaling pathway (10). 

To identify additional downstream genes in the Wnt signal- 
ing pathway that are relevant to the transformed cell pheno- 
type, we used a PCR-based cDNA subtraction strategy, sup- 
pression subtractive hybridization (SSH) (11), using RNA 
isolated from C57MG mouse mammary epithelial cells and 
C57MG cells stably transformed by a Wnt-1 retrovirus. Over- 
expression of Wnt-1 in this cell line is sufficient to induce a 
partially transformed phenotype, characterized by elongated 
and refractile cells that lose contact inhibition and form a 
multilayered array (12, 13). We reasoned that genes differen- 
tially expressed between these two cell lines might contribute 
to the transformed phenotype. 

In this paper, we describe the cloning and characterization 
of two genes up-regulated in Wnt-1 transformed cells, WISP-1 
and WISP-2, and a third related gene, WISP-3. The WISP genes 
are members of the CCN family of growth factors, which 
includes connective tissue growth factor (CTGF), Cyr61, and 
nov, a family not previously linked to Wnt signaling. 

MATERIALS AND METHODS 

SSH. SSH was performed by using the PCR-Seiect cDNA 
. Subtraction Kit (CLONTECH). Tester double-stranded 

Abbreviations: TGF, transforming growth factor, CTGF, connective 
tissue growth factor; SSH, suppression subtractive hybridization; 
VWC, von Willebrand factor type C module. 
Data deposition: The sequences reported in this paper have been 
deposited in the Genbank database (accession nos. AF1 00777, 
AF100778, AF1O0779, AF100780, and AF100781). 
tTo whom reprint requests should be addressed, e-mail: diane@gene. 
com. 
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cDNA was synthesized from 2 jig of poly(A)**' RNA isolated 
from the C57MG/Wnt-1 cell line and driver cDNA from 2 jxg 
of poly(A) + RNA from the parent C57MG cells. The sub- 
tracted cDNA library was subcloned into a pGEM-T vector for 
further analysis. 

cDNA Library Screening. Clones encoding full-length 
mouse WISP- J were isolated by screening a AgtlO mouse 
embryo cDNA library (CLONTECH) with a 70-bp probe from 
the original partial clone 568 sequence corresponding to amino 
acids 128-169. Clones encoding full-length human WISP-1 
were isolated by screening AgtlO lung and fetal kidney cDNA 
libraries with the same probe at low stringency. Clones en- 
coding full-length mouse and human WISP-2 were isolated by 
screening a C57MG /Wnt-1 or human fetal lung cDNA library 
with a probe corresponding to nucleotides 1463-1512. Full- 
length cDNAs encoding WISP-3 were cloned from human 
bone marrow and fetal kidney libraries. 

Expression of Human WISP RNA. PCR amplification of 
first-strand cDNA was performed with human Multiple Tissue 
cDNA panels (CLONTECH) and 300 jiM of each dNTP at 
94°C for 1 sec, 62°C for 30 sec, 72°C for 1 min, for 22-32 cycles. 
WISP and gIyceraIdehyde-3-phosphate dehydrogenase primer 
sequences are available on request. 

In Situ Hybridization. 33 P-labeled sense and antisense ribo- 
probes were transcribed from an 897-bp PCR product corre- 
sponding to nucleotides 601-1440 of mouse WISP- 1 or a 
294-bp PCR product corresponding to nucleotides 82-375 of 
mouse WISP-2. All tissues were processed as described (40). 

Radiation Hybrid Mapping. Genomic DNA from each 
hybrid in the Stanford G3 and Genebridge4 Radiation Hybrid 
Panels (Research Genetics, Huntsville, AL) and human and 
hamster control DNAs were PCR-amplified, and the results 
were submitted to the Stanford or Massachusetts Institute of 
Technology web servers. 

Cell Lines, Tumors, and Mucosa Specimens. Tissue speci- 
mens were obtained from the Department of Pathology (Uni- 
versity of Pittsburgh) for patients undergoing colon resection 
and from the University of Leeds, United Kingdom. Genomic 
DNA was isolated (Qiagen) from the pooled blood of 10 
normal human donors, surgical specimens, and the following 
ATCC human cell lines: SW480, COLO 320DM-, HT-29, 
WiDr, and SW^403 (colon adenocarcinomas), SW620 (lymph 
node metastasis, colon adenocarcinoma), HCT 116 (colon 
carcinoma), SK-CO-1 (colon adenocarcinoma, ascites), and 
HM7 (a variant of ATCC colon adenocarcinoma cell line LS 
174T). DNA concentration was determined by using Hoechst 
dye 33258 intercalation f luorimetry. Total RNA was prepared 
by homogenization in 7 M GuSCN followed by centrifugation 
over CsCl cushions or prepared by using RNAzol. 

Gene Amplification and RNA Expression Analysis. Relative 
gene amplification and RNA expression of WISPs and c-myc in 
the cell lines, colorectal tumors, and normal mucosa were 
determined by quantitative PCR. Gene-specific primers and 
fluorogenic probes (sequences available on request) were 
designed and used to amplify and quantitate the genes. The 
relative gene copy number was derived by using the formula 
2 (Act) where ACt represents the difference in amplification 
cycles required to detect the WISP genes in peripheral blood 
lymphocyte DNA compared with colon tumor DNA or colon 
tumor RNA compared with normal mucosal RNA. The 
d-method was used for calculation of the SE of the gene copy 
number or RNA expression level. The WISP -specific signal was 
normalized to that of the gIyceraldehyde-3-phosphate dehy- 
drogenase housekeeping gene. All TaqMan assay reagents 
were obtained from Perkin-EImer Applied Biosystems. 

RESULTS 

Isolation of WISP-1 and WISP-2 by SSH. To identify Wnt- 
1-inducible genes, we used the technique of SSH using the 
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mouse mammary epithelial cell line C57MG and C57MG cells 
that stably express Wnt-1 (11). Candidate differentially ex- 
pressed cDNAs (1,384 total) were sequenced. Thirty-nine 
percent of the sequences matched known genes or homo- 
logues, 32% matched expressed sequence tags, and 29% had 
no match. To confirm that the transcript was differentially 
expressed, semiquantitative reverse transcription-PCR and 
Northern analysis were performed by using mRNA from the 
C57MG and C57MG/Wnt-1 cells. 

Two of the cDNAs, WISP-1 and WISP-2, were differentially 
expressed, being induced in the C57MG/Wnt-1 cell line, but 
not in the parent C57MG cells or C57MG cells overexpressing 
Wnt-4 (Fig. 1 A and B). Wnt-4, unlike Wnt-1, does not induce 
the morphological transformation of C57MG cells and has no 
effect on /3-catenin levels (13, 14). Expression of WISP- 1 was 
up-regulated approximately 3-fold in the C57MG/Wnt-1 cell 
line and WISP-2 by approximately 5-fold by both Northern 
analysis and reverse transcription-PCR. 

An independent, but similar, system was used to examine 
WISP expression after Wnt-1 induction. C57MG cells express- 
ing the Wnt-1 gene under the control of a tetracycline- 
repressible promoter produce low amounts of Wnt-1 in the 
repressed state but show a strong induction of Wnt-1 mRNA 
and protein within 24 hr after tetracycline removal (8)- The 
levels of Wnt-1 and WISP RNA isolated from these cells at 
various times after tetracycline removal were assessed by 
quantitative PCR. Strong induction of Wnt-l mRNA was seen 
as early as 10 hr after tetracycline removal. Induction of WISP 
mRNA (2- to 6-fold) was seen at 48 and 72 hr (data not shown). 
These data support our previous observations that show that 
WISP induction is correlated with Wnt-1 expression. Because 
the induction is slow, occurring after approximately 48 hr, the 
induction of WISPs may be an indirect response to Wnt-1 
signaling. 

cDNA clones of human WISP-1 were isolated and the 
sequence compared with mouse WISP-1. The cDNA sequences 
of mouse and human WISP-1 were 1,766 and 2,830 bp in length, 
respectively, and encode proteins of 367 aa, with predicted 
relative molecular masses of ^40,000 (M T 40 K). Both have 
hydrophobic N-terminal signal sequences, 38 conserved cys- 
teine residues, and four potential N-linked glycosylation sites 
and are 84% identical (Fig. 1A). 

Full-length cDNA clones of mouse and human WISP-2 were 
1,734 and 1,293 bp in length, respectively, and encode proteins 
of 251 and 250 aa, respectively, with predicted relative molec- 
ular masses of «=» 27,000 (Af r 27 K) (Fig. IB). Mouse and human 
WISP-2 are 73% identical. Human WISP-2 has no potential 
N-linked glycosylation sites, and mouse WISP-2 has one at 
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Fig. 1. WISP-1 and WISP-2 are induced by Wnt-i, but not Wnt-4, 
expression in C57MG cells. Northern analysis of WISP-1 (A) and 
WISP-2 (B) expression in C57MG, C57MG/Wnt-1, and C57MG/ 
Wnt-4 cells. Poly(A) + RNA (2 p.g) was subjected to Northern blot 
analysis and hybridized with a 70-bp mouse WISP- 1-spccific probe 
(amino acids 278-300) or a 190-bp W / 75/ > -2-specific probe (nucleotides 
1438-1627) in the 3' untranslated region. Blots were rehybridized with 
human j3-actin probe. 
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Fig. 2. Encoded amino acid sequence alignment of mouse and 
human WISP-1 (A) and mouse and human WISP-2 (B). The potential 
signal sequence, insulin-like growth factor-binding protein (IGF-BP), 
VWC, thrombospondin (TSP), and C-terminal (CT) domains are 
underlined. 

position 197. WISP-2 has 28 cysteine residues that are con- 
served among the 38 cysteines found in WISP-1. 

Identification of WISPS. To search for related proteins, we 
screened expressed sequence tag (EST) databases with the 
WISP-1 protein sequence and identified several ESTs as 
potentially related sequences. We identified a homologous 
protein that we have called WISP-3. A full-length human 
WlSP-3 cDNA of 1,371 bp was isolated corresponding to those 
ESTs that encode a 354-aa protein with a predicted molecular 
mass of 39,293. WISP-3 has two potential N-linked glycosyl- 
ation sites and 36 cysteine residues. An alignment of the three 
human WISP proteins shows that WISP-1 and WISP-3 are the 
most similar (42% identity), whereas WISP-2 has 37% identity 
with WISP-1 and" 32% identity with WISP-3 (Fig. 3/4). 

WISPs Are Homologous to the CTGF Family of Proteins. 
Human WISP-1 , WISP-2, and WISPS are novel sequences; 
however, mouse WISP-1 is the same as the recently identified 
Elml gene. Elml is expressed in low, but not high, metastatic 
mouse melanoma cells, and suppresses the in vivo growth and 
metastatic potential of K-1735 mouse melanoma cells (15). 
Human and mouse WISPS are homologous to the recently 
described rat gene, rCop-1 (16). Significant homology (36- 
44%) was seen to the CCN family of growth factors. This family 
includes three members, CTGF, Cyr61, and the protoonco- 
gene nov. CTGF is a chemotactic and mitogenic factor for 
fibroblasts that is implicated in wound healing and fibrotic 
disorders and is induced by TGF-/3 (17). Cyr61 is an extracel- 
lular matrix signaling molecule that promotes cell adhesion, 
proliferation, migration, angiogenesis, and tumor growth (18, 
19). nov (nephroblastoma overexpressed) is an immediate 
early gene associated with quiescence and found altered in 
Wilms tumors (20). The proteins of the CCN family share 
functional, but not sequence, . similarity to Wnt-1. All are 
secreted, cysteine-rich heparin binding glycoproteins that as- 
sociate with the cell surface and extracellular matrix. 

WISP proteins exhibit the modular architecture of the CCN 
family, characterized by four conserved cysteine-rich domains 
(Fig. 3B) (21). The N-terminal domain, which includes the first 
12 cysteine residues, contains a consensus sequence (GCGC- 
CXXC) conserved in most insulin-like growth factor (IGF)- 
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Fig. 3. (A) Encoded amino acid sequence alignment of human 
WISPs. The cysteine residues of WISP-1 and WISP-2 that are not 
present in WISP-3 are indicated with a dot. (B) Schematic represen- 
tation of the WISP proteins showing the domain structure and cysteine 
residues (vertical lines). The four cysteine residues in the VWC domain 
that are absent in WISP-3 are indicated with a dot. (C) Expression of 
WISP mRNA in human tissues. PCR was performed on human 
multiple-tissue cDNA panels (CLONTECH) from the indicated adult 
and fetal tissues. 

binding proteins (BP). This sequence is conserved in WISP-2 
and WISP-3, whereas WISP-1 has a glutamine in the third 
position instead of a glycine. CTGF recently has been shown 
to specifically bind IGF (22) and a truncated nov protein 
lacking the IGF-BP domain is oncogenic (23). The von Wil- 
lebrand factor type C module (VWC), also found in certain 
collagens and mucins, covers the next 10 cysteine residues, and 
is thought to participate in protein complex formation and 
oligomerization (24). The VWC domain of WISP-3 differs 
from all CCN family members described previously, in that it 
contains only six of the 10 cysteine residues (Fig. 3 A and B). 
A short variable region follows the VWC domain. The third 
module, the thrombospondin (TSP) domain is involved in 
binding to sulfated glycoconjugates and contains six cysteine 
residues and a conserved WSxCSxxCG motif first identified in 
thrombospondin (25). The C-terminal (CT) module contain- 
ing the remaining 10 cysteines is thought to be involved in 
dimerizatiori and receptor binding (26). The CT domain is 
present in ail CCN family members described to date but is 
absent in WISP-2 (Fig. 3 A and B). The existence of a putative 
signal sequence and the absence of a transmembrane domain 
suggest that WISPs are secreted proteins, an observation 
supported by an analysis of their expression and secretion from 
mammalian cell and baculovirus cultures (data not shown). 

Expression of WISP mRNA in Human Tissues. Tissue- 
specific expression of human WISPs was characterized by PCR 
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analysis on adult and fetal multiple tissue cDNA panels. 
WISP-1 expression was seen in the adult heart, kidney, lung, 
pancreas, placenta, ovary, small intestine, and spleen (Fig. 3C). 
Little or no expression was detected in the brain, liver, skeletal 
muscle, colon, peripheral blood leukocytes, prostate, testis, or 
thymus. WISP-2 had a more restricted tissue expression and 
was detected in adult skeletal muscle, colon, ovary, and fetal 
lung. Predominant expression of WISP-3 was seen in adult 
kidney and testis and fetal kidney. Lower levels of WISPS 
expression were detected in placenta, ovary, prostate, and 
small intestine. 

In Situ Localization of WISP' I and WISP-2. Expression of 
WISP-1 and WISP-2 was assessed by in situ hybridization in 
mammary tumors from Wnt-1 transgenic mice. Strong expres- 
sion of WISP-1 was observed in stromal fibroblasts lying within 
the fibrovascular tumor stroma (Fig. 4 A-D). However, low- 
level WISP-1 expression also was observed focally within tumor 
cells (data not shown). No expression was observed in normal 
breast. Like WISP-1 , WISP-2 expression also was seen in the 
tumor stroma in breast tumors from Wnt-1 transgenic animals 
(Fig. 4 E-H). However, WISP-2 expression in the stroma was 
in spindle-shaped cells adjacent to capillary vessels, whereas 
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Fig. 4. (/(, C, £, and G) Representative hematoxylin/eosin-stained 
images from breast tumors in Wnt-1 transgenic mice. The correspond- 
ing dark-field images showing WISP-1 expression are shown in B and 
D, The tumor is a moderately well-differentiated adenocarcinoma 
showing evidence of adenoid cystic change. At low power (A and B) t . 
expression of WISP-1 is seen in the delicate branching fibrovascular 
tumor stroma (arrowhead). At higher magnification, expression is seen 
in the stromal(s) fibroblasts (C and D), and tumor cells are negative. 
Focal expression of WISP-1, however, was observed in tumor ceils in 
some areas. Images of WISP-2 expression are shown in E-H. At low 
power (E and F),.expresston of WISP-2 is seen in cells lying within the 
fibrovascular tumor stroma. At higher magnification, these cells 
appeared to be adjacent to capillary vessels whereas tumor cells are 
negative (G and H). 



the predominant cell type expressing WISP-1 was the stromal 
Fibroblasts. 

Chromosome Localization of the WISP Genes. The chro- 
mosomal location of the human WISP genes was determined 
by radiation hybrid mapping panels. WISP-1 is approximately 
3.48 cR from the meiotic marker AFM259xc5 [logarithm of 
odds (lod) score 16.31] on chromosome 8q24.1 to 8q24.3, in the 
same region as the human locus of the n<?vH family member 
(27) and roughly 4 Mbs distal to c-myc (28). Preliminary fine 
mapping indicates that WISP-1 is located near D8S1712 STS. 
WISP-2 is linked to the marker SHGC-33922 (lod = 1,000) on 
chromosome 20ql2-20ql3.1. Human WISP-3 mapped to chro- 
mosome 6q22-6q23 and is linked to the marker AFM211ze5 
(lod = 1,000). WISP-3 is approximately 18 Mbs proximal to 
CTGF and 23 Mbs proximal to the human cellular oncogene 
MYB (27, 29). 

Amplification and Aberrant Expression of WISPs in Human 
Colon Tumors. Amplification of protooncogenes is seen in 
many human tumors and has etiological and prognostic sig- 
nificance. For example, in a variety of tumor types, c-myc 
amplification has been associated with malignant progression 
and poor prognosis (30). Because WISP-1 resides in the same 
general chromosomal location (8q24) as c-myc ; we asked 
whether it was a target of gene amplification, and, if so, 
whether this amplification was independent of the c-myc locus. 
Genomic DNA from human colon cancer cell lines was 
assessed by quantitative PCR and Southern blot analysis. (Fig. 
5 A and B). Both methods detected similar degrees of WISP-1 
amplification. Most cell lines showed significant (2- to 4-fold) 
amplification, with the HT-29 and WiDr cell lines demonstrat- 
ing an 8-fold increase. Significantly, the pattern of amplifica- 
tion observed did not correlate with that observed for c-myc, 
indicating that the c-myc gene is not part of the amplicon that 
involves the WISP-1 locus. 

We next examined whether the WISP genes were amplified 
in a panel of 25 primary human colon adenocarcinomas. The 
relative WISP gene copy number in each colon tumor DNA 
was compared with pooled normal DNA from 10 donors by 
quantitative PCR (Fig. 6). The copy number of WISP-1 and 
WISP-2 was significantly greater than one, approximately 
2-fold for WISP-1 in about 60% of the tumors and 2- to 4-fold 
for WISP-2 in 92% of the tumors (P < 0.001 for each). The 
copy number for WISP-3 was indistinguishable from one (P = 
0.166). In addition, the copy number of WISP-2 was signifi- 
cantly higher than that of WISP-1 (P < 0.001). 

The levels of WISP transcripts in RNA isolated from 19 
adenocarcinomas and their matched normal mucosa were 
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Fig. 5. Amplification of WISP-1 genomic DNA in colon cancer cell 
lines. (A) Amplification in cell line DNA was determined by quanti- 
tative PCR. (B) Southern blots containing genomic DNA (10 /ig) 
digested with EcoRl (WISP-1) or Xbal (c-myc) were hybridized with 
a 100-bp human WISP-1 prone (amino acids 186-219) or a human 
c-myc probe (located at bp 1901^2000). The WISP and myc genes are 
detected in normal human genomic DNA after a longer film exposure. 
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Fig. 6. Genomic amplification of genes in human colon 

tumors. The relative gene copy number of the WISP genes in 25 
adenocarcinomas was assayed by quantitative PCR, by comparing 
DNA from primary human tumors with pooled DNA from 10 healthy 
donors. The data are means ± SEM from one experiment done in 
triplicate. The experiment was repeated at least three times. 

assessed by quantitative PCR (Fig; 7). The level of WISP-1 
RNA present in tumor tissue varied but was significantly 
increased (2- to >25-fold) in 84% (16/19) of the human colon 
tumors examined compared with normal adjacent mucosa. 
Four of 19 tumors showed greater than 10-fold overexpression. 
In contrast, in 79% (15/19) of the tumors examined, WISP-2 
RNA expression was significantly lower in the tumor than the 
mucosa. Similar to WISP-1, WISP-3 RNA was overexpressed in 
63% (12/19) of the colon tumors compared with the normal 
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Fig. 7. WISP RNA expression in primary human colon tumors 
relative to expression in normal mucosa from the same patient 
Expression of WISP mRNA in 19 adenocarcinomas was assayed by 
quantitative PCR. The Dukes stage of the tumor is listed under the 
sample number. The data are means ± SEM from one experiment 
done in triplicate. The experiment was repeated at least twice. 



mucosa. The amount of overexpression of WISPS ranged from 
4- to >40-fold. 



DISCUSSION 

One approach to understanding the molecular basis of cancer 
is to identify differences in gene expression between cancer 
cells and normal cells. Strategies based on assumptions that 
steady-state mRNA levels will differ between normal and 
malignant cells have been used to clone differentially ex- 
pressed genes (31). We have used a PCR-based selection 
strategy, SSH, to identify genes selectively expressed in 
C57MG mouse mammary epithelial cells transformed by 
Wnt-1. 

Three of the genes isolated, WISP-1, WISP-2, and WISP-3, 
are members of the CCN family of growth factors, which 
includes CTGF, Cyr61, and nov, a family not previously linked 
to Wnt signaling. 

Two independent experimental systems demonstrated that 
WISP induction was associated with the expression of Wnt-1. 
The first was C57MG cells infected with a Wnt-1, retroviral 
vector or C57MG cells expressing Wnt-1 under the control of 
a tetracyline-repressible promoter, and the second was in 
Wnt-1 transgenic mice, where breast tissue expresses Wnt-1, 
whereas normal breast tissue does not. No WISP RNA expres- 
sion was detected in mammary tumors induced by polyoma 
virus middle T antigen (data not shown). These data suggest 
a link between Wnt-1 and WISPs in that in these two situations, 
WISP induction was correlated with Wnt-1 expression. 

It is not clear whether the WISPs are directly or indirectly 
induced by the downstream components of the Wnt-1 signaling 
pathway (i.e., 0-catenin-TCF-l/Lefl). The increased levels of 
WISP RNA were measured in Wnt-l-transformed cells, hours 
or days after Wnt-1 transformation. Thus, WISP expression 
could result from Wnt-1 signaling directly through j3-catenin 
transcription factor regulation or alternatively through Wnt-1 
signaling turning on a transcription factor, which in turn 
regulates WISPs. 

The WISPs define an additional subfamily of the CCN family 
of growth factors. One striking difference observed in the 
protein sequence of WISP-2 is the absence of a CT domain, 
which is present in CTGF, Cyr61, nov, WISP-1, and WISP-3. 
This domain is thought to be involved in receptor binding and 
dimerization. Growth factors, such as TGF-/3, platelet-derived 
growth factor, and nerve growth factor, which contain a cystine 
knot motif exist as dimers (32). It is tempting to speculate that 
WISP-1 and WISP-3 may exist as dimers, whereas WISP-2 
exists as a monomer. If the CT domain is also important for 
receptor binding, WISP-2 may bind its receptor through a 
different region of the molecule than the other CCN family 
members. No specific receptors have been identified for CTGF 
or nov. A recent report has shown that integrin ctvft serves as 
an adhesion receptor for Cyr61 (33). 

The strong expression of WISP-1 and WISP-2 in cells lying 
within the fibrovascular tumor stroma in breast tumors from 
Wnt-1 transgenic animals is consistent with previous obser- 
vations that transcripts for the related CTGF gene are pri- 
marily expressed in the fibrous stroma of mammary tumors 
(34). Epithelial cells are thought to control the proliferation of 
connective tissue stroma in mammary tumors by a cascade of 
growth factor signals similar to that controlling connective 
tissue formation during wound repair. It has been proposed 
that mammary tumor cells or inflammatory cells at the tumor 
interstitial interface secrete TGF-01, which is the stimulus for 
stromal proliferation (34). TGF-/31 is secreted by a large 
percentage of malignant breast tumors and may be one of the 
growth factors that stimulates the production of CTGF and 
WISPs in the stroma. 

It was of interest that WISP-1 and WISP-2 expression was 
observed in the stromal cells that surrounded the tumor cells 
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(epithelial cells) in the Wnt-1 transgenic mouse sections of 
breast tissue. This finding suggests that paracrine signaling 
could occur in which the stromal cells could supply. WISP-i and 
WISP-2 to regulate tumor cell growth on the WISP extracel- 
lular matrix. Stromal cell-derived factors in the extracellular 
matrix have been postulated to play a role in tumor cell 
migration and proliferation (35). The localization of WISP- J 
and WISP-2 in the stromal cells of breast tumors supports this 
paracrine model. 

An analysis of WISP-I gene amplification and expression in 
human colon tumors showed a correlation between DNA 
amplification and overexpression, whereas overexpression of 
WISP-3 RNA was seen in the absence of DNA amplification. 
In contrast, WISP-2 DNA was amplified in the colon tumors, 
but its mRNA expression was significantly reduced in the 
majority of tumors compared with the expression in normal 
colonic mucosa from the same patient. The gene for human 
WISP4 was localized to chromosome 20ql2-20ql3, at a region 
frequently amplified and associated with poor prognosis in 
node negative breast cancer and many colon cancers, suggest- 
ing the existence of one or more oncogenes at this locus 
(36-38). Because the center of the 20ql3 amplicon has not yet 
been identified, it is possible that the apparent amplification 
observed for WISP-2 may be caused by another gene in this 
amplicon. 

A recent manuscript on rCop-I, the rat orthologue of 
WISP-2, describes the loss of expression of this gene after cell 
transformation, suggesting it may be a negative regulator of 
growth in cell lines (16). Although the mechanism by which 
WISP-2 RNA expression is down-regulated during malignant 
transformation is unknown, the reduced expression of WISP-2 
in colon tumors and cell lines suggests that it may function as 
a tumor suppressor. These results show that the WISP genes 
are aberrantly expressed in colon cancer and suggest that their 
altered expression may confer selective growth advantage to 
the tumor. 

Members of the Wnt signaling pathway have been impli- 
cated in the pathogenesis of colon cancer, breast cancer, and 
melanoma, including the tumor suppressor gene adenomatous 
polyposis coli and /3-catenin (39). Mutations in specific regions 
of either gene can cause the stabilization and accumulation of 
cytoplasmic /3-catenin, which presumably contributes to hu- 
man carcinogenesis through the activation of target genes such 
as the WISPs. Although the mechanism by which Wnt-1 
transforms cells and induces tumorigenesis is unknown, the 
identification of WISPs as genes that may be regulated down- 
stream of Wnt-1 in C57MG cells suggests they could be 
important mediators of Wnt-1 transformation. The amplifica- 
tion and altered expression patterns of the WISPs in human 
colon tumors may indicate an important role for these genes 
in tumor development. 
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methods. Peptides AENK or AEQK were dissolved in water, made isotonic with 
NaCl and diluted into RPM1 growth medium. T-cell- proliferation assays were 
done essentially as described 1021 . Briefly, after antigen pulsing (JOfigmP 1 
TTCF) with tetrapeptides ( L-2 mg ml"'), PBMCs or EBV-B cells were 
washed in PBS and 6xed for 45 s in 0.05% glutaraldehyde. Glycine was added 
to a final concentration of 0.1 M and the cells were washed five times in RPMI 
1640 medium containing 1% FCS before co-culture with T-cell clones in 
round-bottom 96-well microtitre plates. After 48 h, the cultures were pulsed 
with 1 u.Ci of 3 H-thymidine and harvested for scintillation counting 16 h later. 
Predigestion of native TTCF was done by incubating 200 u.g TTCF with 0.25 ng 
pig kidney legumain in 500 jjlI 50 mM citrate buffer, pH 5.5, for 1 h at 37 °C. 
Glycopeptido digestions. The peptides HIDMEEDI, HIDN{N-glucosamine) 
EEDl and HIDNESDI, which are based on the TTCF sequence, and 
QQQHLFGSNVTDCSGNFCLFR(KKK), which is based on human transferrin, 
were obtained by custom synthesis. The three C-terminal lysine residues were 
added to the natural sequence to aid solubility. The transferrin giycopeptide 
QQQHLFGSNVTDCSGNFCLFR was prepared by tryptic (Promega) digestion 
of 5mg reduced, carboxy- methylated human transferrin followed by 
co nca naval in A chromatography". Glycopeptides corresponding to residues 
622-642 and 421-452 were isolated by reverse-phase HPLC and identified by 
mass spectrometry and N-terminal sequencing. The jyophilized transferrin- 
derived peptides were redissolved in 50 mM sodium acetate, pH 5.5, 10 mM 
dithiothreitol, 20% methanol. Digestions were performed for 3 h at 30 °C with 
5-50 raU ml" 1 pig kidney legumain or B-cell AEP. Products were analysed by 
HPLC or MALDI-TOF mass spectrometry using a matrix of lOmgmP 1 a- 
cyanocinnamic acid in 50% acetonitrile/0.1% TFA and a PerSeptive Biosystems 
Elite STR mass spectrometer set to linear or reflector mode. Internal standar- 
dization was obtained with a matrix ion of 568.13 mass units. 
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Fas ligand (FasL) is produced by activated T cells and natural 
killer cells and it induces apoptosis (programmed cell death) in 
target cells through the death receptor Fas/Apol/CD95 (ref. 1). 
One important role of FasL and Fas is to mediate immune 
cytotoxic killing of cells that are potentially harmful to the 
organism, such as virus-infected or tumour cells'. Here we 
report the discovery of a soluble decoy receptor, termed decoy 
receptor 3 (DcR3), that binds to FasL and inhibits FasL-induced 
apoptosis. The DcR3 gene was amplified in about half of 35 
primary lung and colon tumours studied, and DcR3 messenger 
RNA was expressed in malignant tissue. Thus, certain tumours 
may escape FasL-dependent immune-cytotoxic attack by expres- 
sing a decoy receptor that blocks FasL. 

By searching expressed sequence tag (EST) databases, we identi- 
fied a set of related ESTs that showed homology to the tumour 
necrosis factor (TNF) receptor (TNFR) gene superfamily 2 . Using 
the overlapping sequence, we isolated a previously unknown full- 
length complementary DNA from human fetal lung. We named the 
protein encoded by this cDNA decoy receptor 3 (DcR3). The cDNA 
encodes a 300-amino-acid polypeptide that resembles members of 
the TNFR family (Fig. la): the amino terminus contains a leader 
sequence, which is followed by four tandem cysteine-rich domains 
(CRDs). Like one other TNFR homologue, osteoprotegerin (OPG) 3 , 
DcR3 lacks an apparent transmembrane sequence, which indicates 
that it may be a secreted, rather than a membrane-asscociated, 
molecule. We expressed a recombinant, histidine-tagged form of 
DcR3 in mammalian cells; DcR3 was secreted into the cell culture 
medium, and migrated on polyacrylamide gels as a protein of 
relative molecular mass 35,000 (data not shown). DcR3 shares 
sequence identity in particular with OPG (31%) and TNFR2 
(29%), and has relatively less homology with Fas (17%). All of 
the cysteines in the four CRDs of DcR3 and OPG are conserved; 
however, the carboxy-terminal portion of DcR3 is 101 residues 
shorter. 

We analysed expression of DcR3 mRNA in human tissues by 
northern blotting (Fig. lb). We detected a predominant 1.2-kilobase 
transcript in fetal lung, brain, and liver, and in adult spleen, colon 
and lung. In addition, we observed relatively high DcR3 mRNA 
expression in the human colon carcinoma cell line SW480. 

To investigate potential ligand interactions of DcR3, we generated 
a recombinant, Fc-tagged DcR3 protein. We tested binding of 
DcR3-Fc to human 293 cells transfected. with individual TNF- 
family ligands, which are expressed as type 2 transmembrane 
proteins (these transmembrane proteins have their N termini in 
the cytosol). DcR3-Fc showed a significant increase in binding to 
cells transfected with FasL 4 (Fig. 2a), but not to cells transfected with 
TNF 5 , Apo2L/TRAIL 6,7 , Apo3L/TWEAK t, < 9 , or OPGL/TRANCE/ 
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RANKL 10 " 12 (data not shown). DcR3-Fc immunoprecipitated shed 
FasL from FasL-transfected 293 cells (Fig. 2b) and purified soluble 
FasL (Fig. 2c), as did the Fc-tagged ectodomain of Fas but not 
TNFR1. Gel-filtration chromatography showed that DcR3-Fc and 
soluble FasL formed a stable complex (Fig. 2d). Equilibrium 
analysis indicated that DcR3-Fc and Fas-Fc bound to soluble 
FasL with a comparable affinity (K d = 0.8 ± 0.2 and 
l.l±0.1nM, respectively; Fig. 2e), and that DcR3-Fc could 
block nearly all of the binding of soluble FasL to Fas-Fc (Fig. 2e, 
inset). Thus, DcR3 competes with Fas for binding to FasL. 

To determine whether binding of DcR3 inhibits FasL activity, we 
tested the effect of DcR3-Fc on apoptosis induction by soluble 
FasL in Jurkat T leukaemia cells, which express Fas (Fig. 3a). DcR3- 
Fc and Fas-Fc blocked soluble-FasL-induced apoptosis in a 
similar dose-dependent manner, with half-maximal inhibition at 
—0.1 u,gmP l . Time-course analysis showed that the inhibition did 
not merely delay cell death, but rather persisted for at least 24 hours 
(Fig. 3b). We also tested the effect of DcR3-Fc on activation- 
induced cell death (AICD) of mature T lymphocytes, a FasL- 
dependent process 1 . Consistent with previous results 13 , activation 
of interleukin-2-stimulated CD4-positive T cells with anti-CD3 
antibody increased the level of apoptosis twofold, and Fas-Fc 
blocked this effect substantially (Fig. 3c); DcR3-Fc blocked the 
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Figure 1 Primary structure and expression of human DcR3. a, Alignment of the 
amino-acid sequences of DcR3 and of osteoprotegerin (OPG); the C-terminal 101 
residues of OPG are not shown. The putative signal cleavage site (arrow), the 
cysteine-rich domains (CRD 1 -4), and the Ay-linked glycosylation site (asterisk) are 
shown, b. Expression of DcR3 mRNA. Northern hybridization analysis was done 
using the DcR3 cDNA as a probe and blots of poly(A)* RNA (Clontech) from 
human fetal and adult tissues or cancer eel! lines. PBL, peripheral blood 
lymphocyte. 



induction of apoptosis to a similar extent. Thus, DcR3 binding j 
blocks apoptosis induction by FasL. 

FasL-induced apoptosis is important in elimination of virus- 
infected cells and cancer cells by natural killer cells and cytotoxic T 
lymphocytes; an alternative mechanism involves perforin and 
granzymes I,l4 " ,f \ Peripheral blood natural killer cells triggered 
marked cell death in Jurkat T leukaemia cells (Fig. 3d); DcR3-Fc 
and Fas-Fc each reduced killing of target cells from —65% to 
—30%, with half-maximal inhibition at —lu-gml" 1 ; the residual 
killing was probably mediated by the perforin/granzyme pathway. 
Thus, DcR3 binding blocks FasL-dependent natural killer cell 
activity. Higher DcR3-Fc and'ras-Fc concentrations were required 
to block natural killer cell activity compared with those required to 
block soluble FasL activity, which is consistent with the greater 
potency of membrane-associated FasL compared with soluble 
FasL' 7 . 

Given the role of immune-cytotoxic cells in elimination of 
tumour cells and the fact that DcR3 can act as an inhibitor of 
FasL, we proposed that DcR3 expression might contribute to the 
ability of some tumours to escape immune-cytotoxic attack. As 
genomic amplification frequently contributes to tumorigenesis, we 
investigated whether the DcR3 gene is amplified in cancer.. We 
analysed DcR3 gene-copy number by quantitative polymerase chain 
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Figure 2 Interaction of DcR3 with FasL. a, 293 cells were transfected with pRK5 
vector (top) or with pRK5 encoding full-length FasL (bottom), incubated with 
DcR3-Fc (solid line, shaded area). TNFR1-Fc (dotted line) or buffer control 
(dashed line) (the dashed and dotted lines overlap), and analysed for binding by. 
FACS. Statistical analysis showed a significant difference (P < 0.001 ) between the 
binding of DcR3-Fc to cells transfected with FasL or pRK5. PE, phycoerythrin- 
I a belled cells, b. 293 cells were transfected as in a and metabolically labelled, and 
cell supernatants were immunoprecipitated with Fc-tagged TNFR1, DcR3 or Fas. 
c, Purified soluble FasL (sFasL)was immunoprecipitated with TNFR1-Fc, DcR3- 
Fc or Fas-Fc and visualized by immunoblot with anti-FasL antibody. sFasL was 
loaded directly for comparison in the right-hand lane, d. Flag-tagged sFasL was 
incubated with DcR3-Fc or with buffer and resolved by gel filtration; column 
fractions were analysed in an assay that detects complexes containing DcR3-Fc 
and sFasL-Flag= e. Equilibrium binding of DcR3-Fc or Fas-Fc to sFasL-Flag. 
Inset competition of DcR3-Fc with Fas-Fc for binding to sFasL-Flag. 
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reaction (PCR) 18 in genomic DNA from 35 primary lung and colon 
tumours, relative to pooled genomic DNA from peripheral blood 
leukocytes (PBLs) of 10 healthy donors. Eight of 18 lung tumours 
and 9 of 17 colon tumours showed DcR3 gene amplification, 
ranging from 2- to 18-fold (Fig. 4a, b). To confirm this result, we 
analysed the colon tumour DNAs with three more, independent sets 
of DcR3 -based PCR primers and probes; we observed nearly the 
same amplification (data not shown). 

We then analysed DcR3 mRNA expression in primary tumour 
tissue sections by in situ hybridization. We detected DcR3 expres- 
sion in 6 out of 15 lung tumours, 2 out of 2 colon tumours, 2 out of 5 
breast tumours, and 1 out of i gastric tumour (data not shown). A 
section through a squamous-cell carcinoma of the lung is shown in 
Fig. 4c. DcR3 mRNA was localized to infiltrating malignant epithe- 
lium, but was essentially absent from adjacent stroma, indicating 
tumour-specific expression. Although the individual tumour speci- 
mens that we analysed for mRNA expression and gene amplification 
were different, the in situ hybridization results are consistent with 
the finding that the DcR3 gene is amplified frequently in tumours. 
SW480 colon carcinoma cells, which showed abundant DcR3 
mRNA expression (Fig. lb), also had marked DcR3 gene amplifica- 
tion, as shown by quantitative PCR (fourfold) and by Southern blot 
hybridization (fivefold) (data not shown). 

If DcR3 amplification in cancer is functionally relevant, then 
DcR3 should be amplified more than neighbouring genomic 
regions that are not important for tumour survival. To test this, 



we mapped the human DcR3 gene by radiation-hybrid analysis; 
DcR3 showed linkage to marker AFM2 18xe7 (T160), which maps to 
chromosome position 20ql3. Next, we isolated from a bacterial 
artificial chromosome (BAC) library a human genomic clone that 
carries DcR3, and sequenced the ends of the clones insert. We then 
determined, from the nine colon tumours that showed twofold or 
greater amplification of DcR3, the copy number of the DcR3- 
flanking sequences (reverse and forward) from the BAC, and of 
seven genomic markers that span chromosome 20 (Fig. 4d). The 
DcR3-linked reverse marker showed an average amplification of 
roughly threefold, slightly less than the approximately fourfold 
amplification of DcR3; the other markers showed little or no 
amplification. These data indicate that DcR3 may be at the 'epi- 
centre' of a distal chromosome 20 region that is amplified in colon 
cancer, consistent with the possibility that DcR3 amplification 
promotes tumour survival. 

Our results show that DcR3 binds specifically to FasL and inhibits 
FasL activity. We did not detect DcR3 binding to several other TNF- 
ligand- family members; however, this does not rule out the possi- 
bility that DcR3 interacts with other ligands, as do some other 
TNFR family members, including OPG 219 . 

FasL is important in regulating the immune response; however, 
little is known about how FasL function is controlled. One mechan- 
ism involves the molecule cFLIP, which modulates apoptosis signal- 
ling downstream of Fas 20 . A second mechanism involves proteolytic 
shedding of FasL from the cell surface 17 . DcR3 competes with Fas for 
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Figure 3 Inhibition of FasL activity by DcR3. a, Human Jurkat T leukaemia cells 
were incubated with Flag-tagged soluble FasL (sFasL;. 5ngml"') oligomerized 
with anti-Flag antibody (0.1 ^gmr 1 ) in the presence of the proposed inhibitors 
DcR3-Fc, Fas-Fc or human IgGl and assayed for apoptosis (mean ± s.e.m. of 
triplicates), b, Jurkat cells were incubated with sFasL-Flag plus anti-Flag antibody 
as in a, in presence of 1 u.g ml*' DcR3-Fc (filled circles), Fas-Fc (open circles) or 
human IgGl (triangles), and apoptosis was determined at the indicated time 
points, c. Peripheral blood T cells were stimulated with PHA and tnterieukin-2, 
followed by control (white bars) or anti-CD3 antibody (filled bars), together with 
phosphate-buffered saline (PBS), human lgG1, Fas-Fc, or DcR3-Fc (lO^gml" 1 ). 
After 16 h, apoptosis of CQ4* cells was determined (mean ± s.e.m. of results from 
five donors), d, Peripheral blood naturat killer celts were incubated with 5l Cr- 
labelled Jurkat cells in the presence of DcR3-Fc (filled circles), Fas-Fc (open 
circles) or human IgGl (triangles), and target-cell death was determined by 
release of 5, Cr (mean ± s.d. for two donors, each in triplicate). 
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Figure 4 Genomic amplification of DcR3 in tumours, a. Lung cancers, comprising 
eight adenocarcinomas (c, d, f, g. h, j, k, r), seven squamous-cell carcinomas (a, e, 
m, n, o, p, q). one non-small-cell carcinoma (b), one small-cell carcinoma (i), and 
one bronchial adenocarcinoma (I). The data are means * s.d. of 2 experiments 
done in duplicate, b, Colon tumours, comprising 17 adenocarcinomas. Data are 
means ± s.e.m. of five experiments done in duplicate, c, In situ hybridization 
analysis of DcR3 mRNA expression in a squamous-cell carcinoma of the lung. A 
representative bright-held image (left) and the corresponding dark-held image 
(right) show DcR3 mRNA over infiltrating malignant epithelium (arrowheads). 
Adjacent non-malignant stroma (S), blood vessel (V) and necrotic tumour tissue 
(N) are also shown, d, Average amplification of DcR3 compared with amplifica- 
tion of neighbouring genomic regions (reverse and forward. Rev and Fwd), the 
DcR3-linked marker T160, and other chromosome-20 markers, in the nine colon 
tumours showing DcR3 amplification of twofold or more (b). Data are from two 
experiments done in duplicate. Asterisk indicates P < 0.01 for a Student's f-test 
comparing each marker with DcR3. 
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FasL binding; hence, it may represent a third mechanism of 
extracellular regulation of FasL activity. A decoy receptor that 
modulates the function of the cytokine interleukin-1 has been 
described 21 . In addition, two decoy receptors that belong to the 
TNFR family, DcRl and DcR2, regulate the FasL-related apoptosis- 
inducing molecule Apo2L 22 . Unlike DcRl and DcR2, which are 
membrane-associated proteins, DcR3 is directly secreted into the 
extracellular space. One other secreted TNFR- family member is 
OPG 3 , which shares greater sequence homology with DcR3 (31%) 
than do DcRl (17%) or DcR2 (19%); OPG functions as a third 
decoy for Apo2L' 9 . Thus, DcR3 and OPG define a new subset of 
TNFR- family members that function as secreted decoys to mod- 
ulate ligands that induce apoptosis. Pox viruses produce soluble 
TNFR homologues that neutralize specific TNF-family ligands, 
thereby modulating the antiviral immune response 2 . Our results 
indicate that a similar mechanism, namely, production of a soluble 
decoy receptor for FasL, may contribute to immune evasion by 
certain tumours. Q 

Methods 

Isolation of DcR3 cONA. Several overlapping ESTs in Gen Bank (accession 
numbers AA025672, AA025673 and W67560) and in Lifeseq™ (Incyte 
Pharmaceuticals; accession numbers 1339238, 1533571, 1533650, 1542861, 
1789372 and 2207027) showed similarity to members of the TNFR family. We 
screened human cDNA libraries by PCR with primers based on the region of 
EST consensus; fetal lung was positive for a product of the expected size. By 
hybridization to a PCR- genera ted probe based on the ESTs, one positive clone 
(DNA30942) was identified. When searching for potential alternatively spliced 
forms of DcR3 that might encode a transmembrane protein, we isolated 50 
more clones; the coding "regions of these clones were identical in size to that of 
the initial clone (data not shown). 

Fc-fusion proteins (immunoadhesins). The entire DcR3 sequence, or the 
ectodomain of Fas or TNFR1, was fused to the hinge and Fc region of human 
IgGl, expressed in insect SF9 cells or in human 293 cells, and purified as 
described". 

Fluorescence^activated cell sorting (FACS) analysis. We transfected 293 
cells using calcium phosphate or Effectene (Qiagen) with pRK5 vector or pRK5 
encoding full-length human FasL 4 (2 jig), together with pRK5 encoding CrmA 
(2p.g) to prevent cell death. After 16 h, the cells were incubated^ with 
biotinylated DcR3-Fc or TNFRl-Fc and then with phycoerythrin -conjugated 
strep tavid in (GibcoBRL), and were assayed by FACS. The data were analysed by 
Kolmogorov-Smirnov statistical analysis. There was some detectable staining 
of vector-transfected cells by DcR3-Fc; as these cells express little FasL (data 
not shown),, it is possible that DcR3 recognized some other factor that is 
expressed constitutiyely on 293 cells. 

Immunoprecipitation. Human 293 cells were transfected as above, and 
metabolically labelled with [ 3S S]cysteine and [ 35 Sj methionine (0.5 mCi; 
Amersham). After 16 h of culture in the presence of z-VAD-fmk (IOjaM), 
the medium was immuno precipitated with DcR3-Fc, Fas-Fc or TNFRl-Fc 
(5|xg), followed by protein A-Sepharose (Repligen). The precipitates were 
resolved by SDS-PAGE and visualized on a phosphorimager (Fuji BAS2000). 
Alternatively, purified, Flag-tagged soluble FasL (1 fig) (Alexis) was incubated 
with each Fc-fusion protein (1 u.g), precipitated with protein A-Sepharose, 
resolved by SDS-PAGE and visualized by immunoblotting with rabbit anti- 
FasL antibody (Oncogene Research). 

Analysis of complex formation. Flag-tagged soluble FasL (25 u,g) was 
incubated with buffer or with DcR3-Fc (40 u,g) for 1.5 h at 24 °C The reaction 
was loaded onto a Superdex 200 HR 10/30 column (Pharmacia) and developed 
with PBS; 0.6-ml fractions were collected. The presence of DcR3-Fc-FasL 
complex in each fraction was analysed by placing 100 |xl aliquots into microtitre 
wells precoated with anti-human IgG (Boehringer) to capture DcR3-Fc, 
followed by detection with biotinylated anti-Flag antibody Bio M2 (Kodak) and 
streptayidin-rhorseradish peroxidase (Amersham). Calibration of the column 
indicated an apparent relative molecular mass of the complex of 420K (data not 
shown), which is consistent with a stoichiometry of two DcR3-Fc homodimers 
to two soluble FasL homotrimers. 

Equilibrium binding analysis. Microtitre wells were coated with anti-human 



IgG, blocked with 2% BSA in PBS. DcR3-Fc or Fas-Fc was added, followed by 
serially diluted Flag-tagged soluble FasL. Bound ligand was detected with anti- 
Flag antibody as above. In the competition assay, Fas-Fc was immobilized as 
above, and the wells were blocked with excess IgGl before addition of Flag- 
tagged soluble FasL plus DcR3-Fc. 

T-cell AICO. CD3* lymphocytes were isolated from peripheral blood of 
individual donors using anti-CD3 magnetic beads (Miltenyi Biotech), 
stimulated with phytohaemagglutinin (PHA: 2 u-gmT 1 ) for 24 h, and cultured 
in the presence of interleukin-2 ( 100 U ml" 1 ) for 5 days. The cells were plated in 
wells coated with anti-CD3 antibody (Pharmingen) and analysed for apoptosis 
16 h later. by FACS analysis of annexin-V-binding of CD4 + cells". 
Natural killer cell activity. Natural killer cells were isolated from peripheral 
blood of individual donors using anti-CD56 magnetic beads (Miltenyi 
Biotech), and incubated for 16 h with 51 Cr-loaded Jurkat cells at an effector- 
to- target ratio of 1:1 in the presence of DcR3-Fc, Fas-Fc or human IgGl. 
Target -cell death was determined by release of 51 Cr in effector- target co- 
cultures relative to release of s, Cr by detergent lysis of equal numbers of Jurkat 
cells. 

Gene-amplification analysis. Surgical specimens were provided by J. Kern 
(lung tumours) and P. Quirke (colon tumours). Genomic DNAwas extracted 
(Qiagen) and the concentration was determined using Hoechst dye 33258 
intercalation fluorometry. Amplification was determined by quantitative PCR 1 * 
using a TaqMan instrument (ABI). The method was validated by comparison of 
PCR and Southern hybridization data for the Myc and HER- 2 oncogenes (data 
not shown). Gene-specific primers and fluorogenic probes were designed on 
the basis of the sequence of DcR3 or of nearby regions identified on a BAC 
carrying the human DcR3 gene; alternatively, primers and probes were based 
on Stanford Human Genome Center marker AFM218xe7 (T160), which is 
linked to DcR3 (likelihood score = 5.4), SHGC-36268 (TI59), the nearest 
available marker which maps to ~500 kilobases from T160, and five extra 
markers that span chromosome 20. The DcR3-specific primer sequences were 
5'-CTTCTTCGCGCACGCTG-3' and 5'-ATCACGCCGGCACCAG-3' and the 
fluorogenic probe sequence was 5'-(FAM-ACACGATGCGTGCTCCAAGCAG 
AAp-(TAMARA), where FAM is 5' -fluorescein phosphoramidite. Relative 
gene-copy numbers were derived using the formula 2 i&ct \ where ACT is the 
difference in amplification cycles required to detect DcR3 in peripheral blood 
lymphocyte DNA compared to test DNA. 
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ABC transporters (also known as traffic ATPases) form a large 
family of proteins responsible for the translocation of a variety 
of compounds across membranes of both prokaryotes and 
eukaryotes 1 . The recently completed Escherichia colt genome 
sequence revealed that the largest family of paralogous £ coli 
proteins is composed of ABC transporters 2 . Many eukaryotic 
proteins of medical significance belong to this family, such as 
the cystic fibrosis transmembrane conductance regulator (CFTR), 
the P-giycoprotein (or multidrug-resistance protein) and the 
heterodimeric transporter associated with antigen processing 
(Tap 1 -Tap 2). Here we report the crystal structure at 1.5 A resolu- 
tion of HisP, the ATP-binding subunit of the histidine permease, 
which is an ABC transporter from Salmonella typhimurium. We 
correlate the details of this structure with the biochemical, genetic 
and biophysical properties of the wild-type and several mutant 
HisP proteins. The structure provides a basis for understanding 
properties of ABC transporters and of defective CFTR proteins. 

ABC transporters contain four structural domains: two nucleo- 
tide-binding domains (NBDs), which are highly conserved 
throughout the family, and two transmembrane domains 1 . In 
prokaryotes these domains are often separate subunits which are 
assembled into a membrane-bound complex; in eukaryotes the 
domains are generally fused into a single polypeptide chain. The 
periplasmic histidine permease of S. typhimurium and E. co/i 1 * 3 "* 8 is a 
well-characterized ABC transporter that is a good model for this 
superfamily. It consists of a membrane-bound complex, HisQMP 2 , 
which comprises integral membrane subunits, HisQ and HisM, and 
two copies of HisP, the ATP-binding subunit. HisP, which has 
properties intermediate between those of integral and peripheral 
membrane proteins 9 , is accessible from both sides of the membrane, 
presumably by its interaction with HisQ and HisM*. The two HisP 
subunits form a dimer, as shown by their cooperativity in ATP 
hydrolysis 5 , the requirement for both subunits to be present for 
activity*, and the formation of a HisP dimer upon chemical cross- 
linking. Soluble HisP also forms a dimer 3 . HisP has been purified 
and characterized in an active soluble form 3 which can be recon- 
stituted into a fully active membrane-bound complex 8 . 

The overall shape of the crystal structure of the HisP monomer is 
that of an 'L* with two thick arms (arm I and arm II); the ATP- 
binding pocket is near the end of arm I (Fig. 1). A six-stranded p- 
sheet (p3 and p8-{J 12) spans both arms of the L, with a domain of a 
a- plus p- type structure (pi, p2, p4-p7, al and ot2) on one side 
(within arm I) and a domain of mostly ot-helices (a3^a9) on the 




Figure 1 - Crystal structure of HisP a, View of the dimer along an axis 
perpendicular to its two-fold axis. The top and bottom of the dimer are suggested 
to face towards the periplasmic and cytoplasmic sides, respectively (see text). 
The thickness of arm II is about 25 A, comparable to that of membrane. a-Helices 
are shown in orange and p-sheets in green, b, View along the two-fold axis of the 
HisP dimer, showing the relative displacement of the monomers not apparent in 
a. The fj-strands at the dimer interface are labelled, c. View of one monomer from 
the bottom of arm I, as shown in a. towards arm II. showing the ATP-binding 
pocket, a-c. The protein and the bound ATP are in 'ribbon' and 'ball-and-stick' 
representations, respectively. Key residues discussed in the text are indicated in 
c. These figures were prepared with MOLSCRIPT 29 . N, amino terminus; C, C 
terminus. 
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Gene amplification is a common event in the progression of 
human cancers, and amplified oncogenes have been shown to 
have diagnostic, prognostic and therapeutic relevance. A 
kinetic quantitative polymerase-chain-reaction (PCR) method, 
based on fluorescent TaqMan methodology and a new instru- 
ment (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real-time, was used to quantify 
gene amplification in tumor ON A. Reactions are character- 
ized by the point during cycling when PCR amplification is still 
in the exponential phase, rather than the amount of PCR 
product accumulated after a fixed number of cycles. None of 
the reaction components is limited during the exponential 
phase, meaning that values are highly reproducible in reac- 
tions starting with the same copy number. This greatly 
improves the precision of DNA quantification. Moreover, 
real-time PCR does not require post- PCR sample handling, 
thereby preventing potential PCR-product carry-over con- 
tamination; it possesses a wide dynamic range of quantifica- 
tion and results in much faster and higher sample throughput. 
The real-time PCR method, was used to develop and validate 
a simple and rapid assay for the detection and quantification 
of the 3 most frequently amplified genes (myc, ccndl and 
erbB2) in breast tumors. Extra copies of myc, ccndl and erbB2 
were observed in 10, 23 and 15%, respectively, of 108 breast- 
tumor DNA; the largest observed numbers of gene copies 
were 4.6, 18.6 and 15.1, respectively. These results correlated 
well with those of Southern blotting. The use of this new 
semi -automated technique will make molecular analysis of 
human cancers simpler and more reliable, and should find 
broad applications in clinical and research settings. Int. J. 
Cancer 78:661-666, 1998. 
© 1998 Wiley-Liss, Inc. 

Gene amplification plays an important role in the pathogenesis 
of various solid tumors, including breast cancer, probably because 
over-expression of the amplified target genes confers a selective 
advantage. The first technique used to detect genomic amplification 
was cytogenetic analysis. Amplification of several chromosome 
regions, visualized either as extrachromosomal double minutes 
(dmins) or as integrated homogeneously staining regions (HSRs), 
are among the main visible cytogenetic abnormalities in breast 
tumors. Other techniques such as comparative genomic hybridiza- 
tion (CGH) (Kail ion iemi et aL, 1 994) have also been used in broad 
searches for regions of increased DNA copy numbers in tumor 
cells, and have revealed some 20 amplified chromosome regions in 
breast tumors. Positional cloning efforts are underway to identify 
the critical gene(s) in each amplified region. To date, genes known 
to be amplified frequently in breast cancers include mvc (8q24), 
ccnd\ ( 1 lq 1 3), and erb&2 ( 1 7q 1 2-q2 1 ) (for review, see Bieche and 
Lidereau, 1995). 

Amplification of the myc, ccndl, and erbBl proto-oncogenes 
should have clinical relevance in breast cancer, since independent 
studies have shown that these alterations can be used to identify 
sub-populations with a worse prognosis (Berns et aL, 1992; 
Schuuring et aL, 1992; Siamon et aL, 1987). Muss et aL (1994) 
suggested that these gene alterations may also be useful for the 
prediction and assessment of the efficacy of adjuvant chemotherapy 
and hormone therapy. 

However, published results diverge both in terms of the fre- 
quency of these alterations and their clinical value. For instance, 
over 500 studies in 10 years have failed to resolve the controversy 



surrounding the link suggested by Slamon et aL (1987) between 
erbBl amplification and disease progression. These discrepancies 
are partly due to the clinical, histological and ethnic heterogeneity 
of breast cancer, but technical considerations are also probably 
involved. 

Specific genes (DNA) were initially quantified in tumor cells by 
means of blotting procedures such as Southern and slot blotting. 
These batch techniques require large amounts of DNA (5-10 
ug/reaction) to yield reliable quantitative results. Furthermore, 
meticulous care is required at all stages of the procedures to 
generate blots of sufficient quality for reliable dosage analysis. 
Recently, PCR has proven to be a powerful tool for quantitative 
DNA analysis, especially with minimal starting quantities of tumor 
samples (small, early-stage tumors and formalin-fixed, paraffin- 
embedded tissues). 

Quantitative PCR can be performed by evaluating the amount of 
product either after a given number of cycles (end-point quantita- 
tive PCR) or after a varying number of cycles during the 
exponential phase (kinetic quantitative PCR). In the first case, an 
internal standard distinct from the target molecule is required to 
ascertain PCR efficiency. The method is relatively easy but implies 
generating, quantifying and storing an internal standard for each 
gene studied. Nevertheless, it is the most frequently applied 
method to date. 

One of the major advantages of the kinetic method is its rapidity 
in quantifying a new gene, since no internal standard is required (an 
external standard cu?^e- is sufficient). Moreover, the kinetic method 
has a wide dynamic range (at least 5 orders of magnitude), giving 
an accurate value for samples differing in their copy number. 
Unfortunately, the method is cumbersome and has therefore been 
rarely used. It involves aliquot sampling of each assay mix at 
regular intervals and quantifying, for each aliquot, the amplifica- 
tion product. Interest in the kinetic method has been stimulated by a 
novel approach using fluorescent TaqMan methodology and a new 
instrument (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real time (Gibson et aL, 1 996; Heid et 
aL, 1996). The TaqMan reaction is based on the 5' nuclease assay 
first described by Holland et aL (1991). The latter uses the 5' 
nuclease activity of Taq polymerase to cleave a specific fluorogenic 
oligonucleotide probe during the extension phase of PCR. The 
approach uses dual-labeled fluorogenic hybridization probes (Lee 
et aL, 1993). One fluorescent dye, co-valently linked to the 5' end 
of the oligonucleotide, serves as a reporter [FAM (i.e., 6-carboxy- 
fluorescein)] and its emission spectrum is quenched by a second 
fluorescent dye, TAMRA (i.e., 6-carboxy-tetramethyl-rhodamine) 
attached to the 3' end. During the extension phase of the PCR 
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cycle, the fluorescent hybridization probe is hydrolyzed by the 
5 '-3' nuclcolytic activity of DNA polymerase. Nuclease degrada- 
tion of the probe releases the quenching of FAM fluorescence 
emission, resulting in an increase in peak fluorescence emission. 
The fluorescence signal is normalized by dividing the emission 
intensity of the reporter dye (FAM) by the emission intensity of a 
reference dye {i.e., ROX, 6-carboxy-X-rhodamine) included in 
TaqMan buffer, to obtain a ratio defined as the Rn (normalized 
reporter) for a given reaction tube. The use of a sequence detector 
enables the fluorescence spectra of all 96 wells of the thermal 
cycler to be measured continuously during PCR amplification. 

The real-time PCR method offers several advantages over other 
current quantitative PCR methods (Celi et ai, 1994): (i) the 
probe-based homogeneous assay provides a real-time method for 
detecting only specific amplification products, since specific hybri- 
dation of both the primers and the probe is necessary to generate a 
signal; (ii) the Q (threshold cycle) value used for quantification is 
measured when PCR amplification is still in the log phase of PCR 
product accumulation. This is the main reason why Q is a more 
reliable measure of the starting copy number than are end-point 
measurements, in which a slight difference in a limiting component 
can have a drastic effect on the amount of product; (Hi) use of C t 
values gives a wider dynamic range (at least 5 orders of magni- 
tude), reducing the need for serial dilution; (iv) The real-time PCR 
method is run in a closed-tube system and requires no post-PCR 
sample handling, thus avoiding potential contamination; (v) the 
system is highly automated, since the instrument continuously 
measures fluorescence in all 96 wells of the thermal cycler during 
PCR amplification and the corresponding software processes, and 
analyzes the fluorescence data; (vi) the assay is rapid, as results are 
available just one minute after thermal cycling is complete; (vii) the 
sample throughput of the method is high, since 96 reactions can be 
analyzed in 2 hr* 

Here, we applied this semi-automated procedure to determine 
the copy numbers of the 3 most frequently amplified genes in breast 
tumors (myc, ccndl and erbB2), as well as 2 genes (alb and app) 
located in a chromosome region in which no genetic changes have 
been observed in breast tumors. The results for 108 breast tumors 
were compared with previous Southern-blot data for the same 
samples. 

MATERIAL AND METHODS 
Tumor and blood samples 

Samples were obtained from 1 08 primary breast tumors removed 
surgically from patients at the Centre Rene Huguenin; none of the 
patients had undergone radiotherapy or chemotherapy. Immedi- 
ately after surgery, the tumor samples were placed in liquid 
nitrogen until extraction of high-molecular- weight DNA. Patients 
were included in this study if the tumor sample used for DNA 
preparation contained more than 60% of tumor cells (histological 
analysis). A blood sample was also taken from 18 of the same 
patients. 

DNA was extracted from tumor tissue and blood leukocytes 
according to standard methods. 

Real-time PCR 

Theoretical basis. Reactions are characterized by the point 
during cycling when amplification of the PCR product is first 
detected, rather than by the amount of PCR product accumulated 
after a fixed number of cycles. The higher the starting copy number 
of the genomic DNA target, the earlier a significant increase in 
fluorescence is observed. The parameter C x (threshold cycle) is 
defined as the fractional cycle number at which the fluorescence 
generated by cleavage of the probe passes a fixed threshold above 
baseline. The target gene copy number in unknown samples is 
quantified by measuring Q and by using a standard curve to 
determine the starting copy number. The precise amount of 
genomic DNA (based on optical density) and its quality (i.e., lack 



of extensive degradation) are both difficult to assess. We therefore 
also quantified a control gene (alb) mapping to chromosome region 
4q 1 1 -q 1 3, in which no genetic alterations have been found in 
breast-tumor DNA by means of CGH (Kallioniemi et ai, 1 994). 

Thus, the ratio of the copy number of the target gene to the copy 
number of the alb gene normalizes the amount and quality of 
genomic DNA. The ratio defining the level of amplification is 
termed "N 1 ', and is determined as follows: 

copy number of target gene (app, myc, ccndl. erbB2) 

N = ■■ . 

copy number of reference gene {alb) 

Primers, probes, reference human genomic DNA and PCR 
consumables. Primers and probes were chosen with the assistance 
of the computer programs Oligo 4.0 (National Biosciences, Ply- 
mouth, MN), EuGene (Daniben Systems, Cincinnati, OH) and Primer 
Express (Perkin-Elmer Applied Biosystems, Foster City, CA). 

Primers were purchased from DN Agency (Malvern, PA) and 
probes from Perkin-Elmer Applied Biosystems. 

Nucleotide sequences for the oligonucleotide hybridization 
probes and primers are available on request. 

The TaqMan PCR Core reagent kit, Micro Amp optical tubes, 
and MicroAmp caps were from Perkin-Elmer Applied Biosystems. 

Standard-curve construction. The kinetic method requires a 
standard curve. The latter was constructed with serial dilutions of 
specific PCR products, according to Piatak et ai (1993). In 
practice, each specific PCR product was obtained by amplifying 20 
rig. of a standard human genomic DNA (Boehringer, Mannheim, 
Germany) with the same primer pairs as those used later for 
real-time quantitative PCR. The 5 PCR products were purified 
using MicroSpin S-400 HR columns (Pharmacia, Uppsala, Swe- 
den) electrophorezed through an aery lam ide gel and stained with 
ethidium bromide to check their quality. The PCR products were 
then quantified spectrophotometrically and pooled, and serially 
diluted 10-fold in mouse genomic DNA (Clontech, Palo Alto, CA) 
at a constant concentration of 2 ng/ul The standard curve used for 
real-time quantitative PCR was based on serial dilutions of the pool 
of PCR products ranging from 10~ 7 (10 5 copies of each gene) to 
10" 10 (10 2 copies). This series of diluted PCR products was 
aliquoted and stored at — 80°C until use. 

The standard curve was validated by analyzing 2 known 
quantities of calibrator human genomic DNA (20 ng and 50 ng). 

PCR amplification. Amplification mixes (50 ul) contained the 
sample DNA (around 20 ng, around 6600 copies of disomic genes), 
10X TaqMan buffer (5 ul), 200 uM dATP, dCTP, dGTP, and 400 
uM dUTP, 5 mM MgCI 2 , 1 .25 units of AmpliTaq Gold, 0.5 units of 
AmpErase uracil N-glycosylase (UNG), 200 nM each primer and 
100 nM probe. The thermal cycling conditions comprised 2 min at 
50°C and 10 min at 95°C. Thermal cycling consisted of 40 cycles at 
95°C for 15 s and 65°C for 1 min. Each assay included: a standard 
curve (from 10 5 to 10 2 copies) in duplicate, a no-template control, 
20 ng and 50 ng of calibrator human genomic DNA (Boehringer) in 
triplicate, and about 20 ng of unknown genomic DNA in triplicate 
(26 samples can thus be analyzed on a 96-well microplate). All 
samples with a coefficient of variation (CV) higher than 10% were* 
retested. 

All reactions were performed in the ABI Prism 7700 Sequence 
Detection System (Perkin-Elmer Applied Biosystems), which 
detects the signal from the fluorogenic probe during PCR. 

Equipment for real-time detection. The 7700 system has a 
built-in thermal cycler and a laser directed via fiber optical cables 
to each of the 96 sample wells, A charge-coupled-device (CDD) 
camera collects the emission from each sample and the data are 
analyzed automatically. The software accompanying the 7700 
system calculates C t and determines the starting copy number in the 
samples. 
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Determination of gene amplification. Gene amplification was 
calculated as described above. Only samples with an N value 
higher than 2 were considered to be amplified. 

RESULTS 

To validate the method, real-time PCR was performed on 
genomic DNA extracted from 108 primary breast tumors, and 18 
normal leukocyte DNA samples from some of the same patients. 
The target genes were the myc, ccndl and er6B2,proto-oncogenes t 
and the p-amyloid precursor protein gene (app), which maps to a 
chromosome region (21q21.2) in which no genetic alterations have 
been found in breast tumors (Kallioniemi et ai, 1 994). The 
reference disomic gene was the albumin gene {alb, chromosome 
4qll-ql3). 



Validation of the standard curve and dynamic range 
of real-time PCR 

The standard curve was constructed from PCR products serially 
diluted in genomic mouse DNA at a constant concentration of 
2 ng/ul. It should be noted that the 5 primer pairs chosen to analyze 
the 5 target genes do not amplify genomic mouse DNA (data not 
shown). Figure 1 shows the real-time PCR standard curve for the 
alb gene. The dynamic range was wide (at least 4 orders of 
magnitude), with samples containing as few as 10 2 copies or as 
many as 10 5 copies. 

Copy-number ratio of the 2 reference genes fapp and albj 

The app to alb copy-number ratio was determined in 1 8 normal 
leukocyte DNA samples and all 108 primary breast-tumor DNA 
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Figure 1 - Albumin (alb) gene dosage by real-time PCR. Top: Amplification plots for reactions with starting alb gene copy number ranging 
from 10 3 (A9), 10 4 (A7), 10 3 (A4) to 10 2 (A2) and a no-template control (Al). Cycle number is plotted vs. change in normalized reporter signal 
(ARn). For each reaction tube, the fluorescence signal of the reporter dye (FAM) is divided by the fluorescence signal of the passive reference dye 
(ROX), to obtain a ratio defined as the normalized reporter signal (Rn). ARn represents the normalized reporter signal (Rn) minus the baseline 
signal established in the first 15 PCR cycles. ARn increases during PCR as alb PCR product copy number increases until the reaction reaches a 
plateau. C, (threshold cycle) represents the fractional cycle number at which a significant increase in Rn above a baseline signal (horizontal black 
line) can first be detected. Two replicate plots were performed for each standard sample, but the data for only one are shown here. Bottom: 
Standard curve plotting log starting copy number vs. Q (threshold cycle). The black dots represent the data for standard samples plotted in 
duplicate and the red dots the data for unknown genomic DNA samples plotted in triplicate. The standard curve shows 4 orders of linear dynamic 
range. 
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samples. We selected these 2 genes because they are located in 2 
chromosome regions (app, 21q2L2; alb, 4q 1 1 -q 1 3) in which no 
obvious genetic changes (including gains or losses) have been 
observed in breast cancers (Kallioniemi et ai, 1994). The ratio for 
the 18 normal leukocyte DNA samples fell between 0.7 and 1.3 
(mean 1.02 ± 0.21), and was similar for the 108 primary ■ breast- 
tumor DNA samples (0.6 to 1.6, mean 1.06 ± 0.25), confirming 
that alb and app are appropriate reference disomic genes for 
breast-tumor DNA. The low range of the ratios also confirmed that 
the nucleotide sequences chosen for the primers and probes were 
not polymorphic, as mismatches of their primers or probes with the 
subject's DNA would have resulted in differential amplification. 

myc, ccndl and erbB2 gene dose in normal leukocyte DNA 

To determine the cut-off point for gene amplification in breast- 
cancer tissue, 1 8 normal leukocyte DNA samples were tested for 
the gene dose (N), calculated as described in "Material and 
Methods". The N value of these samples ranged from 0.5 to 1.3 
(mean 0.84 ± 0.22) for myc; 0.7 to 1.6 (mean 1.06 ± 0.23) for 
ccndl and 0.6 to 1.3 (mean 0.91 ±0.19) forer/>B2. Since N values 
for myc, ccndl and erbBl in normal leukocyte DNA consistently 
fell between 0.5 and 1.6, values of 2 or more were considered to 
represent gene amplification in tumor DNA. 

myc, ccndl and crbB2 gene dose in breast-tumor DNA 

myc. ccndl and erbBl gene copy numbers in the 108 primary 
breast tumors are reported in Table I. Extra copies of ccndl were 
more frequent (23%, 25/108) than extra copies of erbBl (15%, 
16/108) and myc (10%, 11/108), and ranged from 2 to 18.6 for 
ccndl, 2 to 15.1 for erbBl, and only 2 to 4.6 for the myc gene. 
Figure 2 and Table II represent tumors in which the ccndl gene was 
amplified 16-fold (TI45), 6-fold (T133) and non-amplified (T118). 
The 3 genes were never found to be co-amplified in the same tumor. 
erbBl and ccndl were co-amplified in only 3 cases, myc and ccndl 
in 2 cases and myc and erbBl in 1 case. This favors the hypothesis 
that gene amplifications are independent events in breast cancer. 
Interestingly, 5 tumors showed a decrease of at least 50% in the 
erbBl copy number (N < 0.5), suggesting that they bore deletions 
of the. 1 7q2 1 region (the site of erbBl). No such decrease in copy 
number was observed with the other 2 proto-oncogenes. 

. Comparison of gene dose determined by real-time quantitative 
PCR and Southern-blot analysis 

Southern-blot analysis of myc, ccndl and erbBl amplifications 
had previously been done on the same 1 08 primary breast tumors. A 
perfect correlation between the results of real-time PCR and 
Southern blot was obtained for tumors with high copy numbers 
(N 5: 5). However, there were cases (1 myc, 6 ccndl and 4 erbBl) 
in which real-time PCR showed gene amplification whereas 
Southern-blot did not, but these were mainly cases with low extra 
copy numbers (N from 2 to 2.9). 

DISCUSSION 

The clinical applications of gene amplification assays are 
currently limited, but would certainly increase if a simple, standard- 
ized and rapid method were perfected. Gene amplification status 
has been studied mainly by means of Southern blotting, but this 
method is not sensitive enough to detect low-level gene amplifica- 
tion nor accurate enough to quantify the full range of amplification 
values. Southern blotting is also time-consuming, uses radioactive 



TABLE I - DISTRIBUTION OF AMPLIFICATION LEVEL (N) FOKmyc. 
ccndl AND erbB2 GENES IN 108 HUMAN BREAST TUMORS 



. Gene 




Amplification level (N) 




<0.5 


0.5-1.9 2-4.9 


2:5 


myc 
ccndl 
erbBl . 


0 
0 

5 (4.6%) 


97(89.8%) 11 (10.2%) 
83 (76.9%) 17(15.7%) 
87 (80.6%) 8 (7.4%) 


0 

8(7.4%) 
8 (7.4%) 



reagents and requires relatively large amounts of high-quality 
genomic DNA, which means it cannot be used routinely in many 
laboratories. An amplification step is therefore required to deter- 
mine the copy number of a given target gene from minimal 
quantities of tumor DNA (small early-stage tumors, cytopuncture 
specimens or formal in-fixed, paraffin-embedded tissues). 

In this study, we validated a PCR method developed for the 
quantification of gene over-representation in rumors. The method, 
based on real-time analysis of PCR amplification, has several 
advantages over other PCR-based quantitative assays such as 
competitive quantitative PCR (Celi et ai, 1 994). First, the real-time 
PCR method is performed in a closed-tube system, avoiding the 
risk of contamination by amplified products. Re-amplification of 
carryover PCR products in subsequent experiments can also be 
prevented by using the en2yme uracil N-glycosylase (UNG) 
(Longo et ai, 1990). The second advantage is the simplicity and 
rapidity of sample analysis, since no post-PCR manipulations are 
required. Our results show that the automated method is reliable. 
We found it possible to determine, in triplicate, the number of 
copies of a target gene in more than 100 tumors per day. Third, the 
system has a linear dynamicrange of at least 4 orders of magnitude, 
meaning that samples do not have to contain equal starting amounts 
of DNA. This technique should therefore be suitable for analyzing 
formalin-fixed, paraffin-embedded tissues. Fourth, and above all, 
real-time PCR makes DNA quantification much more precise and 
reproducible, since it is based on C, values rather than end-point 
measurement of the amount of accumulated PCR product. Indeed, 
the ABI Prism 7700 Sequence Detection System enables C, to be 
calculated when PCR amplification is still in the exponential phase 
and when none of the reaction components is rate-limiting. The 
within-run CV of the C t value for calibrator human DNA' (5 
replicates) was always below 5%, and the between-assay precision 
in 5 different runs was always below 10% (data not shown). In 
addition, the use of a standard curve is not absolutely necessary, 
since the copy number can be determined simply by comparing the 
Q ratio of the target gene with that of reference genes. The results 
obtained by the 2 methods (with and without a standard curve) are 
similar in our experiments (data not shown). Moreover, unlike 
competitive quantitative PCR, real-time PCR does not require an 
internal control (the design and storage of internal controls and the 
validation of their amplification efficiency is laborious). 

The only potential disavantage of real-time PCR, like all other 
PCR-based methods and solid-matrix blotting techniques (South- 
ern blots and dot blots) is that is cannot avoid dilution artifacts 
inherent in the extraction of DNA from tumor cells contained in 
heterogeneous tissue specimens. Only FISH and immunohistochem- 
istry can measure alterations on a cell-by-cell basis (Pauletti et ai, 
1996; Slamon et ai, 1989). However^ FISH requires expensive 
equipment and trained personnel and is also time-consuming. 
Moreover, FISH does not assess gene expression and therefore 
cannot detect cases in which the gene product is over-expressed in 
the absence of gene amplification, which will be possible in the 
future by real-time quantitative RT-PCR. Immunohistochemistry is 
subject to considerable variations in the hands of different teams, 
owing to alterations of target proteins during the procedure, the 
different primary antibodies and fixation methods used and the 
criteria used to define positive staining. 

The results of this study are in agreement with those reported in 
the literature. (i) Chromosome regions 4qll-ql3 and 2Iq21.2 
(which bear alb and app, respectively) showed no genetic alter- 
ations in the breast-cancer samples studied here, in keeping with 
the results of CGH (Kallioniemi et ai, 1994). («) We found that 
amplifications of these 3 oncogenes were independent events, as 
reported by other teams (Bems et ai, 1 992; Borg et ai, 1 992). (Hi) 
The frequency and degree of myc amplification in our breast tumor 
DNA series were lower than those of ccndl and erbBl amplifica- 
tion, confirming the findings of Borg et ai (1 992) and Courjal.e/a/. 
(1997). (iv) The maxima of ccndl and erbBl over-representation 
were 1 8-fold and 1 5-fold, also in keeping with earlier results (about 
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Figure 2 - ccndl and alb gene dosage by real-time PCR in 3 breast tumor samples: Tl 18 (El 2, C6, black squares), Tl 33 (Gil, B4, red squares) 
and T145 (A8, C8, blue squares). Given the C, of each sample, the initial copy number is inferred from the standard curve obtained during the same 
experimenL Triplicate plots were performed for each tumor sample, but the data for only one are shown here. The results are shown in Table Tl. 



30-fold maximum) (Berns et aL, 1992; Borg et aL, 1992; Courjal et 
aL, 1997). (v) The erbB2 copy numbers obtained with real-time 
PCR were in good agreement with data obtained with other 
quantitative PCR-based assays in terms of the frequency and 
degree of amplification (An et aL, 1995; Deng et aL, 1996; Valeron 



et aL, 1996). Our results also correlate well with those recently 
published by Gelmini et aL (1997), who used the TaqMan system to 
measure erbBl amplification in a small series of breast tumors 
(n = 25), but with an instrument (LS-50B luminescence spectrom- 
eter, Perkin-Elmer Applied Biosystems) which only allows end- 
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TABLE II - EXAMPLES OF ccndl GENE DOSAGE RESULTS 
FROM 3 BREAST TUMORS' 



Tumor 




ccndi 






alb 




Nccndl/atb 


Copy 
number 


Mean 


SD 


Copy 
number 


Mean 


SD 


T118 


4525 






4223 










4605 


4603 


77 


4365 


4325 


89 


1.06 




4678 






4387 








T133 


59821 






9787 










61659 


61100 


1111 


10092 


10137 


375. 


6.03 




61821 






10533 








T145 


128563 






7321 










125892 


125392 


3448 


7762 


7672 


316 


16.34 




121722 






7933 









'For each sample, 3 replicate experiments were performed and the mean 
and the standard deviation (SD) was determined. The level of ccndl gene 
amplification (Nccndl/alb) is determined by dividing the average ccndl 
copy number value by the average alb copy number value. 



point measurement of fluorescence intensity. Here we report myc 
and ccndl gene dosage in breast cancer by means of quantitative 
PCR. (vi) We found a high degree of concordance between 
real-time quantitative PCR and Southern blot analysis in terms of 
gene amplification, especially for samples with high copy numbers 
(S:5-fold). The slightly higher frequency of gene amplification 
(especially ccndl *and erbB2) observed by means of real-time 
quantitative PCR as compared with Southern-blot analysis may be 
explained by the higher sensitivity of the former method. However, 
we cannot rule out the possibility that some tumors with a few extra 



gene copies observed in real-time PCR had additional copies of an 
arm or a whole chromosome (trisomy, tetrasomy or polysomy) 
rather than true gene amplification. These 2 types of genetic 
alteration (polysomy and gene amplification) could be easily 
distinguished in the future by using an additional probe located on 
the same chromosome arm, but some distance from the target gene. 
It is noteworthy that high gene copy numbers have the greatest 
prognostic significance in breast carcinoma (Borg et at, 1992; 
Slamon e/ a/., 1987). 

Finally, this technique can be applied to the detection of gene 
deletion as well as gene amplification. Indeed, we found a 
decreased copy number of er6B2 (but not of the other 2 proto- 
oncogenes) in several tumors; erbBl is located in a chromosome 
region (17q21) reported to contain both deletions and amplifica- 
tions in breast cancer (Bieche and Lidereau, 1995). 

In conclusion, gene amplification in various cancers can be used 
as a marker of pre-neoplasia, also for early diagnosis of cancer, 
staging, prognostication and choice of treatment. Southern blotting 
is not sufficiently sensitive, and FISH is lengthy and complex. 
Real-time quantitative PCR overcomes both these limitations, and 
is a sensitive and accurate method of analyzing large numbers of 
samples in a short time. It should find a place in routine clinical 
gene dosage. 
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binding the encoded polypeptide. However, even when amplification of a cancer marker gene 
does not result in significant over-expression of the corresponding gene product, this very 
absence of gene product over-expression still provides significant information for cancer 
diagnosis and treatment. Thus, if over-expression of the gene product does not parallel gene 
amplification in certain tumor types but does so in others, then parallel monitoring of gene 
amplification and gene product over-expression enables more accurate tumor classification and 
hence better determination of suitable therapy. In addition, absence of over-expression is crucial 
information for the practicing clinician. If a gene is amplified but the corresponding gene 
product is not over-expressed, the clinician accordingly will decide not to treat a patient with 
agents that target that gene product. 

7. I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information or belief are believed to be true, and further that 
these statements were, made with the knowledge that willful false statements and the like so 
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made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful statements may jeopardize the validity of the 
application or any patent issued thereon. 
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conference on Endotoxemia and Sepsis. Philadelphia, PA, June 1992. 

4. Immunoadhesins: an alternative to human antibodies. IBC conference on 
Antibody Engineering. San Diego, CA, December 1993. 

5. Tumor necrosis factor receptor: a potential therapeutic for human septic shock. 
American Society for Microbiology Meeting, Atlanta, GA, May 1 993 . 

6. Protective efficiacy of TNF receptor imxnunoadhesin vs anti-TNF monoclonal 
antibody in a rat model for endotoxic shock. 5th International Congress on TNF. 
Asilomar, CA, May 1994. 

7. Interferonry signals via a multisubunit receptor complex that contains two types of 
polypeptide chain. American Association of hnmunologists Conference. San 
Franciso, CA, July 1995. 

8. Immunoadhesins: Principles and Applications. Gordon Research Conference on 
Drug Delivery in Biology and Medicine. Ventura, CA, February 1996. 
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9. Apo-2 Ligand, a new member of the TNF family that induces apoptosis in tumor 
cells. Cambridge Symposium on TNF and Related Cytokines in Treatment of 
Cancer. Hilton-Head, NC, March 1996. 

10. Induction of apoptosis by Apo2 Ligand. American Society for Biochemistry and 
Molecular Biology, Symposium on Growth Factors and Cytokine Receptors. New 

Orleans, LA, June, 1996. 
1L Apo2 ligand, an extracellular trigger of apoptosis. 2nd Clontech Symposium, 

Palo Alto, C A, October 1996. 

1 2. Regulation of apoptosis by members of the TNF ligand and receptor families. 
Stanford University School of Medicine, Palo Alto, CA, December 1996. 

13. Apo-3: anovel receptor that regulates cell death and inflammation. 4th 
International Congress on Immune Consequences of Trauma, Shock, and Sepsis. 
Munich, Germany, March 1997. 

14. New members of the TNF ligand and receptor families that regulate apoptosis, 
inflammation, and immunity. UCLA School of Medicine, LA, CA, March 1997. 

15. Immunoadhesins: an alternative to monoclonal antibodies. 5th World Conference 
on Bispecific Antibodies. Volendam, Holland, June 1997. 

16. Control of Apo2L signaling. Cold Spring Harbor Laboratory Symposium on 
Programmed Cell Death. Cold Spring Harbor, New York. September, 1997. 

17. Chairman and speaker, Apoptosis Signaling session. EBC's 4th Annual 
Conference on Apoptosis. San Diego, CA., October 1997. 

1 8. Control of Apo2L signaling by death and decoy receptors. American Association 
for the Advancement of Science. Philadelphia, PA, February 1 998. 

19. Apo2 ligand and its receptors. American Society of Irnmunologists. San 
Francisco, CA, April 1998. v " 

20. Death receptors and ligands. 7th International TNF Congress. Cape Cod, MA, 

May 1998. 

21. " Apo2L as a potential therapeutic for cancer. UCLA School of Medicine. LA, 

. \CA, June 1998. 

22. Apo2L as a potential therapeutic for cancer. Gordon Research Conference on 
Cancer Chemotherapy. New London, NH, July 1998. 

23; Control of apoptosis by Apo2L. Endocrine Society Conference, Stevenson, WA, 

August 1998. 

24. Control of apoptosis by Apo2L. International Cytokine Society Conference, 
Jerusalem, Israel, October 1998. 
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25. Apoptosis control by death and decoy receptors. American Association for 
Cancer Research Conference, Whistler, BC, Canada, March 1 999. 

26. Apoptosis control by death and decoy receptors. American Society for 
Biochemistry and Molecular Biology Conference, San Francisco, CA, May 1999. 

27. Apoptosis control by death and decoy receptors. Gordon Research Conference on 
Apoptosis, New London, NH, June 1999. 

28. Apoptosis control by death and decoy receptors. Arthritis Foundation Research 
Conference, Alexandria GA, Aug 1999. 

29. Safety and anti-tumor activity of recombinant soluble Apo2L/TRAIL. Cold 
Spring Harbor Laboratory Symposium on Programmed Cell Death. . Cold Spring 
Harbor, NY, September 1999. ' , 

30. The Apo2L/TRAIL system: therapeutic potential. American Association for 
Cancer Research, Lake Tahoe, NV, Feb 2000. . 

3 1 . Apoptosis and cancer therapy. Stanford University School of Medicine, Stanford, 
CA, Mar 2000. 

32. Apoptosis and cancer therapy. University of Pennsylvania School of Medicine, 
Philadelphia, PA, Apr 2000. 

33. Apoptosis signaling by Apo2L/TRAIL. International Congress on TNF. 
Trondheim, Norway, May 2000. 

34. The Apo2L/TRAIL system: therapeutic potential. Cap-CURE summit meeting. 

■ ■ + 

Santa Monica, CA* June 2000. 

35. The Apo2L/TRAIL system: therapeutic potential. MD Anderson Cancer Center. 
Houston, TX, June 2000. 

36. Apoptosis signaling by Apo2IVTRAIL. The Protein Society, 14 th Symposium. 
San Diego, CA, August 2000. 

37. Anti-tumor activity of Apo2UTRAJJL. AAPS annual meeting. Indianapolis, IN 
Aug 2000. 

38. Apoptosis signaling and anti-cancer potential of Apo2I/TRAIL. Cancer Research 
Institute, UC San Francisco, CA, September 2000. 

39. Apoptosis signaling by Apo2L/TRAIL. Kenote address, TNF family 
Minisymposium, NHL Bethesda, MD, September 2000. 

40. Death receptors: signaling and modulation. Keystone symposium on the 

. ■ ■ * 

Molecular basis of cancer. Taos, NM, Jan 2001 . 
41; Preclinical studies of Apo2L/TRAIL in cancer. Symposium on Targeted therapies 
in the treatment of lung cancer. Aspen, CO, Jan 2001 . 
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42. Apoptosis signaling by Apo2L/TRAIL. Wiezmann Institute of Science, Rehovot, 
Israel March 2001. 

43. Apo2L/TRAIL: Apoptosis signaling and potential for cancer therapy. Weizmann 
Institute of Science, Rehovot, Israel, March 2001. 

44. Targeting death receptors in cancer with Apo2L/TRAIL. Cell Death and Disease 
conference, North Falmouth, MA, Jun 2001. 

45 . Targeting death receptors in cancer with Apo2L/TRAEL Biotechnology 
Organization conference, San Diego, CA, Jun 200 L 

46. Apo2I7TRAIL signaling and apoptosis resistance mechanisms. Gordon Research 
Conference on Apoptosis, Oxford, UK, July 2001. 

47. Apo2IVTRAIL signaling and apoptosis resistance mechanisms. Cleveland Clinic 
Foundation, Cleveland, OH, Oct 2001. , 

48. Apoptosis signaling by death receptors: overview. International Society for 
Interferon and Cytokine Research conference, Cleveland, OH* Oct 2001. 

49. * Apoptosis signaling by death receptors. American Society of Nephrology 

Conference. San Francisco, CA, Oct 200L 

50. Targeting death receptors in cancer. Apoptosis: commercial opportunities. San 
Diego, CA, Apr 2002. ' 

51. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Kimmel Cancer 
Research Center, Johns Hopkins University, Baltimore MD. May 2002. 

52. Apoptosis control by Apo2L/TRAIL. (Keynote Address) University of Alabama 
Cancer Center Retreat, Birmingham, Ab. October 2002. 

53. Apoptosis signaling by Apo2I/TRAIL. (Session co-chair) TNF international, 
conference. San Diego, CA. October 2002. 

54. Apoptosis signaling by Apo2L/TRAIL. Swiss Institute for Cancer Research 
(ISREC). Lausanne, Swizerland. Jaii 2003. 

55. Apoptosis induction with Apo2I/TRAIL. Conference on New Targets and 
Innovative Strategies in Cancer Treatment. Monte Carlo. February 2003. 

56. Apoptosis signaling by Apo2I/TRAIL. Hermelin Brain Tumor Center 
Symposium on Apoptosis. Detroit, MI. April 2003. 

57. Targeting apoptosis through death receptors. Sixth Annual Conference on 
Targeted Therapies in the Treatment of Breast Cancer. Kona, Hawaii. July 2003. 

58. Targeting apoptosis through death receptors. Second International Conference on 
Targeted Cancer Therapy. Washington, DC. Aug 2003. / 
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Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 5,329,028 (Jul 12, 1994); 

Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 5,605,791 (Feb 25, 1997). 

Ashkenazi, A. , Chamow, S . and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 5,889,155 (Jul 27, 1999): 
Ashkenazi, A., APO-2 Ligand. US patent 6,030,945 (Feb 29, 2000). 
Ashkenazi, A., Chuntharapai, A., Kim, J., APO-2 Ugand antibodies. US patent 6, 
046, 048 (Apr 4, 2000). 

Ashkenazi, A.„ Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 6,124,435 (Sep 26, 2000). 

Ashkenazi, A., Chuntharapai, A., Kim, J., Method for making monoclonal and cross- 
reactive antibodies. US patent 6,252,050 (Jun 26, 2001). , 
Ashkenazi, A. APO-2 Receptor. US patent 6,342,369 (Jan 29, 2002). 
Ashkenazi, A Fong, S., Goddard, A, Gurney, A, Napier, lyL, Tumas, D., Wood, WJ 
A-33 polypeptides. US patent 6,410,708 (Jun 25, 2002). 
Ashkenazi, A. APO-3 Receptor. US patent 6,462, 1 76 B 1 (Oct 8, 2002). 
Ashkenazi, A. APO-2LI and APO-3 polypeptide antibodies. US patent 6,469,144 Bl 
(Oct 22, 2002). 

Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 6,582,928B1 (Jun 24, 2003). 
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I, Paul Polakis, Ph.D., declare and say as follows: 

1 I was awarded a Ph.D. by the Department of Biochemistry of the Michigan 
State University in 1984. My scientific Curriculum Vitae is attached to and forms 
part of this Declaration (Exhibit A). 

2 I am currently employed by Genentech, Inc. where my job title is Staff 
Scientist. Since joining Genentech in 1999, one of my primary responsibilities has 
been leading Genentech's Tumor Antigen Project, which is a large research project 
with a primary focus on identifying tumor cell markers that find use as targets for 
bom me diagnosis and treatment of cancer in humans. 

3. As part ofthe Tumor Antigen Project, my laboratory has been analyzing 
differential expression of various genes in tumor cells relative to normal cells. 
The purpose of this research is to identify proteins that are abundantly expressed 
on certain tumor cells and that are either (i) not expressed, or (ii) expressed at 
lower levels, on corresponding normal cells. We call such differentially expressed 
proteins "tumor antigen proteins", When such a tumor antigen protein is 
identified, one can produce an antibody that recognizes and binds to that protein. 
Such an antibody finds use in the diagnosis of human cancer and may ultimately 
serve as an effective therapeutic in the treatment of human cancer. 

4. in me course ofthe research conducted by Genentech's Tumor Antigen 
Project, we have employed a variety of scientific techniques for detecting and 
studying differential gene expression in human tumor cells relative to normal cells, 
at genomic DNA, mRNA and protein levels. An important example of one such 
technique is the well known and widely used technique of microarray analysis 
which has proven to be extremely useful for the identification of mRNA molecules 
that are differentially expressed in one tissue or cell type relative to another. In the 
course of pur research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor cells at 

-significantly higher levels^an^meorrespondmg-nor^ 
have generated antibodies that bind to about 30 of the tumor antigen proteins 
expressed from these differentially expressed gene transcripts and have used these 
antibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and corresponding normal cells. We 
have then compared the levels of mRNA and protein in both the tumor and normal 
cells analyzed. 

5. From the mRNA and protein expression analyses described in paragraph 4 
above, we have observed that there is a strong correlation between changes in the 
level of mRNA present in any particular cell type and the level of protein 



expressed from that mRNA in that cell type. In approximately 80% of our 
observations we have found that increases in the level of a particular mRNA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared with their corresponding normal cells. 

6. Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4 and 5 above and my 
knowledge of the relevant scientific literature, it is my considered scientific 
opinion that for human genes, an increased level of mRNA in a tumor cell relative 
to a normal cell typically correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the normal cell. In fact, it remains a 
central dogma in molecular biology that increased mRNA levels are predictive of 
corresponding increased levels of the encoded protein. While there have been 
published reports of genes for which such a correlation does not exist, it is my 
opinion that such reports are exceptions to the commonly understood general rule 
that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information or belief are believed to be true, 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful 
statements may jeopardize the validity of the application or any patent issued 
thereon. 
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7. Polakis, P.G., Evans, T. and Snyderman 1989 Multiple Chromatographic Forms 
of the Formylpeptide Chemoattractant Receptor and their Relationship to GTP- 
binding Proteins. Biochem. Biophys. Res. Commun. 161, 276-283. 

8 - poiakisVP G.. S'nyderma 

GTP-binding Protein Containing a Novel Putative Nucleotide Binding Domain. 
Biochem. Biophys. Res. Comun. 160, 25-32. 

9. Polakis, P., Weber.R.F., Nevins.B., Didsbury, J. Evans.T. and Snyderman, R. 
1989 Identification of the ral and rad Gene Products, Low Molecular Mass GTP- 
binding Proteins from Human Platelets. J. Biol. Chem. 264, 16383-16389. 

10. Snyderman, R., Perianin, A., Evans, T., Polakis; P. and Didsbury, J. 1989 G 
Proteins and Neutrophil Function. In ADP-Ribosylating Toxins and G Proteins: 
Insights into Signal Transduction. ( J. Moss and M. Vaughn, eds.) Amer. Soc. 
Microbiol, pp. 295-323. 



11. Hart, M.J., Polakis, P.G., Evans, T. and Cerrione, R.A. 1990 The identification 
and Charaterization of an Epidermal Growth Factor-Stimulated Phosphorylation of a 
Specific Low Molecular Mass GTP-binding Protein in a Reconstituted Phospholipid 
Vesicle System. J. Biol. Chem. 265, 5990-6001 . 

12. Yatani, A., Okabe, K., Polakis, P. Halenbeek, R. McCormick, F. and Brown, A. 
M. 1990 ras p21 and GAP Inhibit Coupling of Muscarinic Receptors to Atrial K + 
Channels. Cell. 61, 769-776. 

13. Munemitsu, S. t Innis, M.A., Clark, R., McCormick, F., Ullrich, A. and Polakis, 
P.G. 1990 Molecular Cloning and Expression of a G25K cDNA, the Human Homolog 
of the Yeast Cell Cycle Gene CDC42. Mol. Cell. Biol. 10, 5977-5982. 

14. Polakis, P.G. Rubinfeld, B. Evans, T. and McCormick, F. 1991 Purification of 
Plasma Membrane-Associated GTPase Activating Protein (GAP) Specific for rap- 
1/krev-1 from HL60 Cells. Proc. Natl. Acad. Sci. USA 88, 239-243. 

15. Moran, M. F., Polakis, P., McCormick, F., Pawson, T. and Ellis, C. 1991 Protein 
Tyrosine Kinases Regulate the Phosphorylation, Protein Interactions, Subcellular 
Distribution, and Activity of p21ras GTPase Activating Protein. Mol. Cell. Biol. 11, 
1804-1812 

16. Rubinfeld, B., Wong, G., Bekesi, E. Wood, A. McCormick, F. and Polakis, P. G. 

1991 A Synthetic Peptide Corresponding to a Sequence in the GTPase Activating 
Protein Inhibits p21 ras Stimulation and Promotes Guanine Nucleotide Exchange. 
Internatl. J. Peptide and Prot. Res. 38, 47-53. 

17. Rubinfeld, B., Munemitsu, S., Clark, R., Conroy, L, Watt, K., Crosier, W., 
McCormick, F., and Polakis, P. 1991 Molecular Cloning of a GTPase Activating 
Protein Specific for the Krev-1 Protein p21 ra P 1 . Cell 65, 1 033-1 042. 

18. Zhang, K. Papageorge, A., G„ Martin, P., Vass, W. C, Olah, Z., Polakis, P., 
McCormick, F. and Ldwy, D, R. 1991 Heterogenous Amino Acids in RAS and 
Rap1 A Specifying Sensitivity to GAP Proteins. Science 254, 1630-1634. 

19. Martin, G., Yatani, A., Clark, R., Polakis, P., Brown, A. M. and McCormick, F. 

1992 GAP Domains Responsible for p21 ra s-dependent Inhibition of Muscarinic Atrial 
K+ Channel Currents, Science 255, 192-194. 

20. McCormick, F., Martin, G. A., Clark, R., Bollag, G. and Polakis, P . 1992 
Regulation of p21ras by GTPase Activating Proteins. Cold Spring Harbor Symposia 
on Quantitative Biology. Vol. 56, 237-241 . 

, - ■ 

21. Pronk, G. B., Polakis, P., Wong, G., deVries-Smits, A. M., Bos J. L. and 

McCormick, F. 1992 p60 v " src Can Associate with and Phosphorylate the p21 ras 
GTPase Activating Protein. Oncogene 7,389-394. 

22. Polakis P. and McCormick, F. 1992 Interactions Between p21 ras Proteins and 
Their GTPase Activating Proteins. In Cancer Surveys ( Franks, L. M., ed.) 12, 25- 
42. 



23. Wong, G., Muller, 0., Clark, Conroy, L., Moran, M., Polakis,K and 
McCormick, F. 1992 Molecular coloning and nucleic acid binding properties of the 
GAP-associated tyrosine phosphoprotein p62. Cell 69, 551-558. 

24. Polakis, P., Rubinfeld, B. and McCormick, F. 1992 Phosphorylation of raplGAP 
in vivo and by cAMP-deperident Kinase and the Cell Cycle p34 cdc2 Kinase in vitro. 
J. Biol. Chem. 267, 10780-10785. 

25. McCabe, P.C., Haubrauck, H., Polakis, P., McCormick, F., and Innis, M. A. 
1992 Functional Interactions Between p21 ra P 1A and Components of the Budding 
pathway of Saccharomyces cerevisiae. Mol. Cell. Biol. 12, 4084-4092. 

26. Rubinfeld, B., Crosier, W.J., Albert, I., Conroy.L, Clark, R., McCormick, F. and 
Polakis, P. 1992 Localization of the raplGAP Catalytic Domain and Sites of 
Phosphorylation by Mutational Analysis. Mol. Cell . Biol. 1 2, 4634-4642. 

27. Ando, S., Kaibuchi, K., Sasaki, K., Hiraoka, T., Nishiyama, T., Mizuno, T., 
Asada, M., Nunoi, H., Matsuda, I., Matsuura, Y., Polakis, P., McCormick, F. and 
Takai, Y. 1992 Post-translational processing of rac p21s is important both for their 
interaction with the GQP/GTP exchange proteins and for their activation of NADPH 
oxidase. J. Biol. Chem. 267, 25709-25713. 

28. Janoueix-Lerosey, I., Polakis, P., Tavitian, A. and deGunzberg, J. 1992 
Regulation of the GTPase activity of the ras-related rap2 protein. Biochem. 
Biophys. Res. Commun. 1 89, 455-464. 

29. Polakis, P. 1 993 GAPs Specific for the rapl /Krev-1 Protein, in GTP-bindinq 
Proteins: the ras-suDerfamilv. ( J.C. LaCale and F. McCormick, eds.) 445-452. 

30. Polakis, P. and McCormick, F. 1 993 Structural requirements for the interaction 
of p21 ras with GAP, exchange factors, and its bological effector target. J. Biol 
Chem. 268,9157-9160. 

31. Rubinfeld, B., Souza, B. Albert, I., Muller, O., Chamberlain, S., Masiarz, F., 
Munemitsu, S. and Polakis, P. 1993 Association of the APC gene product with 
beta- catenin. Science 262, 1731-1734. 

32. Weiss, J., Rubinfeld, B.,. Polakis, P. ,_Mc.Connjck,_ F. .Cayenee, W. A. and_Arden , 
K. 1993 The gene for human rapl -GTPase activating protein (rapl GAP) maps to 
chromosome 1p35-1p36.1. CytogeneL Cell Genet. 66, 18-21. 

33. Sato, K. Y., Polakis, P., Haubruck, H., Fasching, C. L, McCormick, F. and 
Stanbridge, E. J. 1994 Analysis of the tumor suppressor acitvity of the K-rev gene in 
human tumor cell lines. Cancer Res. 54, 552-559. 

34. Janoueix-Lerosey, I., Fontenay, M., Tobelem, G., Tavitian, A., Polakis, P. and 
DeGunzburg, J. 1994 Phosphorylation of raplGAP during the cell cycle. Biochem. 
Biophys. Res. Commun. 202, 967-975 

35. Munemitsu, S., Souza, B., Mueller, O., Albert, I., Rubinfeld, B., and Polakis, P. 
1 994 The APC gene product associates with microtubules in vivo and affects their 
assembly in vitro. Cancer Res. 54,3676-3681. 



36. Rubinfeld, B. and Polakis, P. 1995 Purification of baculovirus produced 
rapl GAP. Methods Enz. 255,31 

37. Polakis, P. 1995 Mutations in the APC gene and their implications for protein 
structure and function. Current Opinions in Genetics and Development 5, 66-71 

38. Rubinfeld, B., Souza, B., Albert, I., Munemitsu, S. and Polakis P. 1995 The 
APC protein and E-cadherin form similar but independent complexes with a-catenin, 
p-catenin and Plakoglobin. J. Biol. Chem. 270, 5549-5555 

39. Munemitsu, S., Albert, I., Souza, B., Rubinfeld, B., and Polakis, P. 1995 
Regulation of intracellular p-catenin levels by the APC tumor suppressor gene. 
Proc. Natl. Acad. Sci. 92, 3046-3050. 

40. Lock, P., Fumagalli, S., Polakis, P. McCormick, F. and Courtneidge, S. A. 1996 
The human p62 cDNA encodes Sam68 and not the rasGAP-associated p62 protein. 
Cell 84, 23-24. 

41. Papkoff, J., Rubinfeld, B., Schryver, B. and Polakis, P. 1996 Wnt-1 regulates 
free pools of catenins and stabilizes APC-catenin complexes. Mol. Cell. Biol. 16, 
2128-2134. 

42. Rubinfeld, B,, Albert, I., Porfiri, E.. Fiol, C., Munemitsu, S. and Polakis, P. 1996 
Binding of GSK3P to the APC-p-catenin complex and regulation of complex 
assembly. Science 272, 1023-1026. 

43. Munemitsu, S., Albert, I., Rubinfeld, B. and Polakis, P. 1996 Deletion of amino- 
termtnal structure stabilizes p-catenin in vivo and promotes the 
hyperphosphorylation of the APC tumor suppressor protein. Mol. Cell. Biol. 16, 
4088-4094. 

44. Hart, M. J., Callow, M. G., Sousa, B. and Polakis P. 1996 JQGAP1 , a 
calmodulin binding protein witha rasGAP related domain, is a potential effector for 
cdc42Hs. EMBO J. 15, 2997-3005. 

45. Nathke, I. S., Adams, C. L, Polakis, P., Sellin, J. and Nelson, W. J. 1996 The 
adenomatous polyposis coli-(APC)-tum 

membrane sites involved in active epithelial cell migration. J. Cell. Biol. 134, 165- 
180. 

46. Hart, M. J., Sharma, S., elMasry, N., Qui, R-G., McCabe, P., Polakis, P. and 
Bollag, G. 1 996 Identification of a novel guanine nucleotide exchange factor for the 
rho GTPase. J. Biol. Chem. 271, 25452. 

47. Thomas JE, Smith M, Rubinfeld B, Gutowski M, Beckmann RP, and Polakis P. 
1996 Subcellular localization and analysis of apparent 180-kDa and 220-kDa 
proteins of the breast cancer susceptibility gene, BRCA1. J. Biol. Chem. 1996 
271,28630-28635 

48. Hayashi, S., Rubinfeld, B., Souza, B., Polakis, P., Wieschaus, E., and Levine, 
A. 1 997 A Drosophila homolog of the tumor suppressor adenomatous polyposis coli 



down-regulates p -catenin but ii» zygotic expression is not essential tut the 
regulation of armadillo. Proc. Natl. Acad. Sci. 94, 242-247. 

49. Vleminckx, K., Rubinfeld, B., Polakis, P. and Gumbiner, B. 1 997 The APC 
tumor suppressor protein induces a new axis in Xenopus embryos. J. Cell. Biol. 
136,411-420. 

50. Rubinfeld, B., Robbins, P., El-Gamil, M., Albert, I., Porfiri, P. and Polakis, P. 

1 997 Stabilization of p-catenin by genetic defects in melanoma cell lines. Science 
275,1790-1792. 

51 . Polakis, P. The adenomatous polyposis coli (APC) tumor suppressor. 1 997 
Biochem. Biophys. Acta, 1332, F127-F1 47. 

52. Rubinfeld, B., Albert. I., Porfiri, E., Munemitsu, S., and Polakis, P 1997 Loss of 
p-catenin regulation by the APC tumor suppressor protein correlates with loss of 
structure due to common somatic mutations of the gene. Cancer Res. 57, 4624- 
4630. 

53. Porfiri, E., Rubinfeld, B., Albert, I., Hovanes. K., Waterman, M., and Polakis, P. 
1997 Induction of a p-catenin-LEF-1 complex by wnt-1 and transforming mutants of 
p-catenin. Oncogene 15, 2833-2839. 

54. Thomas JE, Smith M, Tonkinson JL, Rubinfeld B, and Polakis P., 1997 
Induction of phosphorylation on BRCA1 during the cell cycle and after DNA damage. 
Cell Growth Differ. 8, 801-809. 

55. Hart, M., de los Santos, R., Albert, I., Rubinfeld, B., and Polakis P., 1998 Down 
regulation of p-catenin by human Axin and its association with the adenomatous 
polyposis coli (APC) tumor suppressor, p-catenin and glycogen synthase kinase 3p. 
Current Biology 8, 573-581 . 

56. Polakis, P. 1998 The oncogenic activation of p-catenin. Current Opinions in 
Genetics and Development 9, 15-21 

57. Matt Hart, Jean-Paul Concordet, Irina Lassbt, Iris Albert, Rico del los Santos, 
Herve Durand, Christine Perret, Bonnee Rubinfled, Florence Margottin, Richard 
Benarous and Paul-Polakis.- 1999 The F-box- protein-p-TrGP-associates with - 
phosphorylated p-catenin and regulates its activity in the cell. Current Biology 9, 
207-10. 

58. Howard C. Crawford, Barbara M. Fingleton, Bonnee Rubinfeld, Paul Polakis 
and Lynn M. Matrisian 1999 The metalloproteinase matrilysin is a target of 
p-catenin transactivation in intestinal tumours. Oncogene 18, 2883-91. 

59. Meng J, Glick JL, Polakis P, Casey PJ. 1999 Functional interaction between 
Galpha(z) and RaplGAP suggests a novel form of cellular cross-talk. J Biol Chem. 

17,36663-9 



60. Vijayasurian Easwaran, Virginia Song, Paul Polakis and Steve by*rs 1999 The 
ubiquitin-proteosome pathway and serine kinase activity modulate APC mediated 
regulation of B-catenin-LEF signaling. J. Biol. Chem. 274(23): 16641 -5. 

61 Polakis P, Hart M and Rubinfeld B. 1999 Defects in the regulation of beta- 
catenin 

in colorectal cancer. Adv Exp Med Biol. 470, 23-32 

62 Shen Z, Batzer A, Koehler JA, Polakis P, Schlessinger J, Lydon NB, Moran MF. 
1999 Evidence for SH3 domain directed binding and phosphorylation of Sam68 by 
Src. Oncogene. 1 8, 4647-53 

64. Thomas GM, Frame S, Goedert M, Nathke I, Polakis P, Gohen P. 1999 A 
GSK3- binding peptide from FRAT1 selectively inhibits the GSK3-catalysed 
phosphorylation of axin and beta-catenin. FEBS Lett. 458, 247-51. 

65. Peifer M, Polakis P. 2000 Wnt signaling in oncogenesis and embryogenesis-a 
look outside the nucleus. Science 287,1606-9. 

66. Polakis P. 2000 Wnt signaling and cancer. Genes Dev; 14, 1837-1851. 

67. Spink KE, Polakis P, Weis Wl 2000 Structural basis of the Axin-adenomatous 
polyposis coli interaction. EMBO J 19, 2270-2279. 

68. Szeto , W , Jiang, W., Tice, D.A., Rubinfeld, B., Hollingshead, P.G., Fong, S.E., 
Dugger, D.L., Pham, T.,Yansura, D.E.,Wong, T.A., Grimaldi, J.C., Corpuz, R.T., 
Singh J:S., Frantz, G.D., Devaux, B., Crowley, C.W., Schwall, R.H., Eberhard, 
A-, 

Rastelli, L., Polakis, P. and Pennica, D. 2001 Overexpression of the Retinoic 

ad- 
Responsive Gene Stra6 in Human Cancers and its Synergistic Induction by Wnt-1 

and 

Retinoic Acid. Cancer Res 61, 4197-4204. 

69. Rubinfeld B, Tice DA, Polakis P. 2001 Axin dependent phosphorylation of the 
adenomatous polyposis coli protein mediated by casein kinase 1 epsilon. J Biol 

Chem _ _ _ _ 

276, 39037-39045. ~ ' 

70. Polakis P. 2001 More than one way to skin a catenin. Cell 2001 105, 563-566. 



71 . Tice DA, Soloviev I, Polakis P. 2002 Activation of the Wnt Pathway Interferes 
withSerum Response Element-driven Transcription of Immediate Early Genes. J 

Biol. 

Chem. 277, 6118-6123. 



72. Tice DA, Szeto W, Soloviev I, Rubinfeld B, Fong SE, Dugger DL, Winer J, 



Williams PM, Wieand D, Smith V, Schwall RH, Pennnica D, Polakis r. 2002 
Synergistic activation of tumor antigens by wnt-1 signaling and retinoic acid revealed 
^by gene expression profiling. J Biol Chem. 277,14329-14335. 

73. Polakis, P. 2002 Casein kinase I: A wnt'er of disconnect. Curr. Biol. 12, R499. 

74. Mao.W. , Luis, E., Ross, S., Silva, J., Tan, C, Crowley, C, Chui, C, Franz, G., 
Septer, P., Koeppen, H., Polakis, P. 2004 EphB2 as a therapeutic antibody drug 
target for the treatment of colorectal cancer. Cancer Res. 64, 781-788. 

75. Shibamoto, S., Winer, J., Williams, M., Polakis, P. 2003 A Blockade in Writ 
signaling is activated following the differentiation of F9 teratocarcinoma cells. Exp. 
Cell Res. 29211-20. 

76. Zhang Y, Eberhard DA, Frantz GD, Dowd P, Wu TD, Zhou Y, Watanabe C, Luoh SM, Polakis P, 
Hillan KJ, Wood Wl, Zhang Z. 2004 GEPIS-quantitative gene expression profiling in normal and 
cancer tissues. Bioinformatics, April 8 



DECLARATION OF PAUL POLAKIS, Ph.D. 



I, Paul Polakis, Ph.D., declare and say as follows: 

1 . I was awarded a Ph.D. by the Department of Biochemistry of the Michigan 
State University in 1984. My scientific Curriculum Vitae is attached to and forms 
part of this Declaration (Exhibit A). 

2 I am currently employed by Genentech, Inc. where my job title is Staff 
Scientist. Since joining Genentech in 1999, one of my primary responsibilities has 
been leading Genentech's Tumor Antigen Project, which is a large research project 
with a primary focus on identifying tumor cell markers that find use as targets for 
both the diagnosis and treatment of cancer in humans. 

3 . As part of the Tumor Antigen Proj ect, my laboratory has been analyzing 
differential expression of various genes in tumor cells relative to normal cells. 
The purpose of this research is to identify proteins that are abundantly expressed 
on certain tumor cells and that are either (i) not expressed, or (ii) expressed at 
lower levels, on corresponding normal cells. We call such differentially expressed 
proteins "tumor antigen proteins", When such a tumor antigen protein is 
identified, one can produce an antibody that recognizes and binds to that protein. 
Such an antibody finds use in the diagnosis of human cancer and may ultimately 
serve as an effective therapeutic in the treatment of human cancer. 

4. In the course of the research conducted by Genentech's Tumor Antigen 
Project, we have employed a variety of scientific techniques for detecting and 
studying differential gene expression in human tumor cells relative to normal cells, 
at genomic DNA, mRNA and protein levels. An important example of one such 
technique is the well known and widely used technique of microarray analysis 
which has proven to be extremely useful for the identification of mRNA molecules 
that are differentially expressed in one tissue or cell type relative to another. In the 
course of our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor cells at 
significantly higher levels than in corresponding normal human cells. To date, we 
have generated antibodies that bind to about 30 of the tumor antigen proteins 
expressed from these differentially expressed gene transcripts and have used these 
antibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and corresponding normal cells. We 
have then compared the levels of mRNA and protein in both the tumor and normal 
cells analyzed. 

5. From the mRNA and protein expression analyses described in paragraph 4 
above, we have observed that there is a strong correlation between changes in the 
level of mRNA present in any particular cell type and the level of protein 



expressed from that mRNA in that cell type. In approximately 80% of our 
observations we have found that increases in the level of a particular mRNA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared with their corresponding normal cells. 

6. Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4 and 5 above and my 
knowledge of the relevant scientific literature, it is my considered scientific 
opinion that for human genes, an increased level of mRNA in a tumor cell relative 
to a normal cell typically correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the normal cell In fact, it remains a 
central dogma in molecular biology that increased mRNA levels are predictive of 
corresponding increased levels of the encoded protein. While there have been 
published reports of genes for which such a correlation does not exist, it is my 
opinion that such reports are exceptions to the commonly understood general rule 
that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information or belief are believed to be true, 
and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1 00 1 of Title 1 8 of the United States Code and that such willful 
statements may jeopardize the validity of the application of any patent issued 
thereon. 



Dated: 5/otye>y 

. • ~ ~ Paul Poiakls7Ph.D 

SVi031808vl 




2 



CURRICULUM VITAE 



PAUL G. POLAKIS 

Staff Scientist 

Genentech, Inc 

1 DNA Way, MS#40 

S. San Francisco, CA 94080 



EDUCATION: 

Ph.D., Biochemistry, Department of Biochemistry, 
Michigan State University (1 984) 

B.S., Biology. College of Natural Science, Michigan State University (1977) 



PROFESSIONAL EXPERIENCE: 
2002-present 



1999-2002 



Staff Scientist, Genentech, Inc 
S. San Francisco, CA 



Senior Scientist, Genentech, Inc., 
S. San Francisco, CA 



1997 -1999 



Research Director 
Onyx Pharmaceuticals, Richmond, CA 



1992-1996 



Senior Scientist, Project Leader, Onyx 
Pharmaceuticals, Richmond, CA 



1991-1992 



1989-1991 
1987-1989 



1985-1987 



Senior Scientist, Chiron Corporation, 
Emeryville, CA. 

Scientist, Cetus Corporation, Emeryville CA. 

Postdoctoral Research Associate, Genentech, 
Inc., South SanFrancisco, CA. 

Postdoctoral Research Associate, Department 
of Medicine, Duke University Medical Center, 
Durham, NC 



1 984-1 985 



Assistant Professor, Department of Chemistry, 
Oberlin College, Oberlin, Ohio 



•1 980-1 984 Graduate Research Assistant, Department of 

| Biochemistry, Michigan State University 

East Lansing, Michigan 



PUBLICATIONS: 

1. Polakis, P G. and Wilson, J. E. 1982 Purification of a Highly Bindable Rat Brain 
Hexokinase by High Performance Liquid Chromatography. Biochem. Biophys. 
Res. Commun. 107, 937-943. 

2. Polakis, P.G. and Wilson, J. E. 1984 Proteolytic Dissection of Rat Brain 
Hexokinase: Determination of the Cleavage Pattern during Limited Digestion with 
Trypsin. Arch. Biochem. Biophys. 234, 341-352. 

3. Polakis, P. G. and Wilson, J. E. 1985 An Intact Hydrophobic N-Terminal 
Sequence is Required for the Binding Rat Brain Hexokinase to Mitochondria. Arch. 
Biochem. Biophys. 236, 328-337. 

4. Uhing, R.J., Polakis.P.G. and Snyderman, R. 1 987 Isolaton of GTP-binding 
Proteins from Myeloid HL60 Cells. J. Biol. Chem. 262, 15575-15579. 

As. Polakis, P.G., Uhing, R J. and Snyderman, R. 1 988 The Fbrmylpeptide 
^Chemoattractant Receptor Copurifies with a GTP-binding Protein Containing a 
Distinct 40 kDa Pertussis Toxin Substrate. J. Biol. Chem. 263, 4969-4979. 

6 Uhing, R. J., Dillon, S., Polakis, P. G., Truett, A. P. and Snyderman, R. 1988 
Chemoattractant Receptors and Signal Transduction Processes in Cellular and 
Molecular Aspects of Inflammation ( Poste, G. and Crooke, S. T. eds.) pp 335-379. 

7. Polakis, P.G., Evans, T. and Snyderman 1989 Multiple Chromatographic Forms 
of the Formylpeptide Chemoattractant Receptor and their Relationship to GTP- 
binding Proteins. Biochem. Biophys. Res. Commun. 161, 276-283. 

8. Polakis, P. G., STryderman, R. and Evans; T. 1989 Characterization of G25K, a 
GTP-binding Protein Containing a Novel Putative Nucleotide Binding Domain. 
Biochem. Biophys. Res. Comun. 160, 25-32. 

9. Polakis, P., Weber.R.F., Nevins.B., Didsbury, J. Evans.T. and Snyderman, R. 
1989 Identification of the ral and rad Gene Products, Low Molecular Mass GTP- 
binding Proteins from Human Platelets. J. Biol. Chem. 264, 16383-16389. 

10. Snyderman, R., Perianin, A., Evans, T., Polakis, P. and Didsbury, J. 1989 G 
Proteins and Neutrophil Function. In ADP-Ribosylating Toxins and G Proteins: 

Knsights into Signal Transduction. ( J. Moss and M. Vaughn, eds.) Amer. Soc. 
Microbiol, pp. 295-323. 



11. Hart, M.J., Polakis; P.G., Evans, T. and Cerrione, R.A. 1990 The Identification 
and Charaterization of an Epidermal Growth Factor-Stimulated Phosphorylation of a 
Specific Low Molecular Mass GTP-binding Protein in a Reconstituted Phospholipid 
esicle System. J. Biol. Chem. 265, 5990-6001 . 



12. Yatani, A., Okabe, K., Polakis, P. Halenbeck, R. McCormick, F. and Brown, A. 
M/ 1 990 ras p21 and GAP Inhibit Coupling of Muscarinic Receptors to Atrial K + 
Channels. Cell. 61, 769-776. 

13. Munemitsu, S., Innis, M.A., Clark, R., McCormick, F., Ullrich, A. and Polakis, 
P.G; 1990 Molecular Cloning and Expression of a G25K cDNA, the Human Homolog 
of the Yeast Cell Cycle Gene CDC42. Mol. Cell. Biol. 10, 5977-5982. 

14. Polakis, P.G. Rubinfeld, B. Evans, T. and McCormick, F. 1991 Purification of 
Plasma Membrane-Associated GTPase Activating Protein (GAP) Specific for rap- 
1/krev-1 from HL60 Cells. Proc. Natl. Acad. Sci. USA 88, 239-243. 




15. Moran, M. F., Polakis, P., McCormick, F., Pawson, T. and Ellis, C. 1991 Protein 
Tyrosine Kinases Regulate, the Phosphorylation, Protein Interactions, Subcellular 
Distribution, and Activity of p21ras GTPase Activating Protein. Mol. Cell. Biol. 11, 
1804-1812 

16. Rubinfeld, B., Wong, G., Bekesi, E. Wood, A. McCormick, F. and Polakis, P. G. 

1991 A Synthetic Peptide Corresponding to a Sequence in the GTPase Activating 
Protein Inhibits p21 ras Stimulation and Promotes Guanine Nucleotide Exchange, 
nternatl. J. Peptide and Prot. Res. 38, 47-53. 

i • 

17. Rubinfeld, B., Munemitsu, S. f Clark, R., Cohroy, L, Watt, K., Crosier, W., 
McCormick, F., and Polakis, P. 1 991 Molecular Cloning of a GTPase Activating 
Protein Specific for the Krev-1 Protein p21 ™& . Cell 65, 1 033-1 042. 

18. Zhang, K. Papageorge, A., G., Martin, P., Vass, W. C, Olah, Z., Polakis, P., 
McCormick, F. and Lowy, D, R. 1991 Heterogenous Amino Acids in RAS and 
Rap1A Specifying Sensitivity to GAP Proteins. Science ,254, 1630-1634. 

19. Martin, G., Yatani, A., Clark, R., Polakis, P., Brown, A. M. and McCormick, F. 

1992 GAP Domains Responsible for p21 ras -dependent Inhibition of Muscarinic Atrial 
K + Channel Currents. Science 255 Y 4 92-1 94^ _ _ 

20. McCormick, F., Martin, G. A., Clark, R., Bollag, G. and Polakis, P . 1992 
Regulation of p21ras by GTPase Activating Proteins. Cold Spring Harbor Symposia 
on Quantitative Biology. Vol. 56, 237-241. 

21. Pronk, G. B., Polakis, P., Wong, G., deVries-Smits, A. M., Bos J. L. and 
McCormick, F. 1992 p60 v " src Can Associate with and Phosphorylate the p21 ras 
GTPase Activating Protein. Oncogene 7,389-394. 

2. Polakis P. and McCormick, F. 1992 Interactions Between p21 ras Proteins and 
heir GTPase Activating Proteins. In Cancer Surveys ( Franks, L. M., ed.) 12, 25- 

42. 



23. Wong, G., Muller, O., Clark, R., Conroy, L., Moran, M., Polakis.P, and 
, McCofmiek, F. 1992 Molecular coloning and nucleic acid binding properties of the 
GAP-associated tyrosine phosphoprotein p62. Cell 69, 551-558. 

•fe4. Polakis, P., Rubinfeld, B. and McCormick, F. 1992 Phosphorylation of raplGAP 
m vivo and by cAMP-deperident Kinase and the Cell Cycle p34 cdc2 Kinase in vitro. 
J. Biol. Chem. 267, 10780-10785. 

* * 

25. McCabe, P.C., Haubrauck, H., Polakis, P., McCormick, F., and Innis, M. A. 
1992 Functional Interactions Between p21 ra P' jA and Components of the Budding 
pathway of Saccharomyces cerevisiae. Mol. Cell. Biol. 12, 4084-4092. 

26. Rubinfeld, B., Crosier, W J., Albert, I., Conroy.L, Clark, R., McCormick, F, and 
Polakis, P. 1992 Localization of the raptGAP Catalytic Domain and Sites of 
Phosphorylation by Mutational Analysis. Mol. Cell . Biol. 12, 4634-4642. 

27. Ando, S., Kaibuchi, K., Sasaki, K., Hiraoka, T., Nishiyama, T., Mizuno, T., 
Asada, M., Nunoi, H., Matsuda, I., Matsuura, Y., Polakis, P., McCormick, F. and 
Takai, Y. 1992 Post-translational processing of rac p21s is important both for their 
interaction with the GDP/GTP exchange proteins and for their activation of NADPH 
oxidase. J. Biol. Chem. 267, 25709-25713. 

28. Janoueix-Lerosey, I., Polakis, P., Tavitian, A. and deGunzberg, J. 1992 
Regulation of the GTPase activity of the ras-related rap2 protein. Biochem. 
Biophys. Res. Commun. 189, 455-464. 

Polakis, P. 1993 GAPs Specific for the rap1/Krev-1 Protein, in GTP-bindina 
^Proteins: the /as-superfamilv. ( J.C. LaCale and F. McCormick, eds.) 445-452. 

30. Polakis, P. and McCormick, F. 1993 Structural requirements for the interaction 
of p21 ras with GAP, exchange factors, and its bological effector target. J. Biol 
Chem. 268, 9157-9160. 

31. Rubinfeld, B., Souza, B. Albert, I., Muller, Cv, Chamberlain, S., Masiarz, F., 
Munemitsu, S. and Polakis, P. 1 993 Association of the APC gene product with 
beta- catenin. Science 262, 1731-1734. 

32. Weiss, J., Rubirjfeld B 

K. 1993 The gene for human rapl -GTPase activating protein (raplGAP) maps to 
chromosome 1p35-1p36.1. Cytogenet. Cell Genet. 66, 18-21. 

33. Sato, K. Y., Polakis, P., Haubruck, H., Fasching, C. L., McCormick, F. and 
Stanbridge, E. J. 1 994 Analysis of the tumor suppressor acitvity of the K-rev gene in 
human tumor cell lines. Cancer Res. 54, 552-559. 

34. Janoueix-Lerosey, I., Fontehay, M., Tobelem, G., Tavitian, A., Polakis, P. and 
DeGunzburg, J. 1994 Phosphorylation of raplGAP during the cell cycle. Biochem. 
Biophys. Res. Commun. 202, 967-975 

5. Munemitsu, S., Souza, B., Mueller, O., Albert, I., Rubinfeld, B., and Polakis, P. 
1 994 The APC gene product associates with microtubules in vivo and affects their 
assembly in vitro. Cancer Res. 54,3676-3681. 



36. Rubinfeld, B. and Polakis, P. 1995 Purification of baculovirus produced 
raplGAP. Methods Enz. 255,31 

7. Polakis, P. 1995 Mutations in the APC gene and their implications for protein 
structure and function. Current Opinions in Genetics and Development 5, 66-71 

38. Rubinfeld, B., Souza, B., Albert, I., Munemitsu, S. and Polakis P. 1995 The 
APC protein and E-cadherin form similar but independent complexes with a-catenin, 
p-eatenin and Plakoglobin. J. Biol. Chem. 270, 5549-5555 

39. Munemitsu, S., Albert, I., Souza, B., Rubinfeld, B., and Polakis, P. 1995 
Regulation of intracellular p-catehin levels by the APC tumor suppressor gene. 
Proc. Natl. Acad. Sci. 92, 3046-3050. 

40. Lock, P., Fumagalli, S., Polakis, P. McCormick, F. and Courtneidge, S. A. 1996 
The human p62 cDNA encodes Sam68 and not the rasGAP-assoeiated p62 protein. 
Cell 84, 23-24. 

41. Papkoff, J., Rubinfeld, B., Schryver, B. and Polakis, P. 1996 Wnt-1 regulates 
free pools of catenins and stabilizes APC-catenin complexes. Mol. Cell. Biol. 16, 
2128-2134. 

42. Rubinfeld, B . Albert, I., Porfiri, E , Fiol, C, Munemitsu, S. and Polakis, P. 1996 
Binding of GSK3p to the APC-p-catenin complex and regulation of complex 
assembly. Science 272, 1023-1026. 

43. Munemitsu, S., Albert, I., Rubinfeld, B. and Polakis, P. 1996 Deletion of amino- 
termirtal structure stabilizes p-catenin in vivo and promotes the 
hyperphosphorylation of the APC tumor suppressor protein. Mol. Cell. Biol. 1 6, 
4088-4094. " 

44. Hart, M. J., Callow, M. G., Sousa, B. and Polakis P. 1996 IQGAP1 .a 
calmodulin binding protein witha rasGAP related domain, is a potential effector for 
cdc42Hs. EMBO J. 15, 2997-3005. 

45. Nathke, I. S., Adams, C. L, Polakis, P.; Sellin, J. and Nelson, W. J. 1996 The 
adenomatous polyposis c»li^APC)4umor.suppressoi pro 

membrane sites involved in active epithelial cell migration. J. Cell.. Biol. 134, 165- 
180. 

46. Hart, M. J., Sharma, S., elMasry, N., Qui, R^G., McCabe, P., Polakis, P. and 
Bollag, G. 1996 Identification of a novel guanine nucleotide exchange factor for the 
rho GTPase. J. Biol. Chem. 271, 25452. 

47. Thomas JE, Smith M, Rubinfeld B, Gutowski M, Beckmann RP, and Polakis P. 
1 996 Subcellular localization and analysis of apparent 1 80-kDa and 220-kDa 
proteins of the breast cancer susceptibility gene, BRCA1. J. Biol. Chem. 1996 

71,28630-28635 

48. Hayashi, S., Rubinfeld, B., Souza, B., Polakis, P., Wieschaus, E., and Levine, 
A. 1997 A Drosophila homolog of the tumor suppressor adenomatous polyposis coli 



down-regulates p -catenin but its zygotic expression is not essential for the 
regulation of armadillo. Proc. Natl. Acad. Sci. 94, 242-247. 

49. Vleminckx, K., Rubinfeld, B., Polakis, P. and Gumbiner, B. 1997 The APC 
umor suppressor protein induces a new axis in Xenopus embryos. J. Cell. Biol. 
1 36, 41 1 -420. 

50. Rubinfeld, B., Robbins, P., El-Gamil, M., Albert, I., Porfiri, P. and Polakis, P. 
1997 Stabilization of p-catenin by genetic defects in melanoma cell lines. Science 
275, 1790-1792. 

51. Polakis, P. The adenomatous polyposis coli (APC) tumor suppressor. 1997 
Biochem. Biophys. Acta, 1332, F127-F147. 

52. Rubinfeld, B., Albert, I., Porfiri, E., Munemitsu, S„ and Polakis, P 1997 Loss of 
p-catenin regulation by the APC tumor suppressor protein correlates with loss of 
structure due to common somatic mutations of the gene. Cancer Res. 57,4624- 

4630. 

53. Porfiri, E., Rubinfeld, B., Albert J., Hovanes. K., Waterman, M., and Polakis, P. 
1997 Induction of a p-catenin-LEF-1 complex by wnt-1 and transforming mutants of 
p-catenin. Oncogene 15, 2833-2839. 

54. Thomas JE, Smith M, Tonkinsoh JL, Rubinfeld B, and Polakis P., 1 997 
Induction of phosphorylation on BRCA1 during the cell cycle and after DNA damage. 
Cell Growth Differ. 8, 801-809. 

55. Hart, M., de los Santos, R., Albert, I., Rubinfeld, B., and Polakis P., 1998 Down 
regulation of p-catenin by human Axin and its association with the adenomatous 
polyposis coli (APC) tumor suppressor, p-catenin and glycogen synthase kinase 3p. 
Current Biology 8, 573-581. 

56. Polakis, P. 1998 The oncogenic activation of p-catenin. Current Opinions in 
Genetics and Development 9, 1 5-21 

57. Matt Hart, Jean-Paul Concordet, Irina Lassot, Iris Albert, Rico del los Santos, 
Herve Durand, Christine Perret, Bonnee Rubinfled, Florence Margottin, Richard 
Benarous and Paul Polakis- 1999-The F-box protein p-TrGP associates with - 
phosphorylated p-catenin and regulates its activity in the cell. Current Biology 9, 
207-10. 

58. Howard C Crawford, Barbara M. Fingleton, Bonnee Rubinfeld, Paul Polakis 
and Lynn M. Matrisian 1 999 The metalloproteinase matrilysin is a target of 
p-catenin transactivation in intestinal tumours. Oncogene 18, 2883-91 . 

59. Meng J, Glick JL, Polakis P, Casey PJ. 1999 Functional interaction between 
Galpha(z) and RaptGAP suggests a novel form of cellular cross-talk. J Biol Chem. 

17, 36663-9 



Best Available Copy 

60. Vijayasurian Easwaran, Virginia Song, Paul Polakis and Steve Byers 1999 The 
- ubiquitin-proteosome pathway and serine kinase activity modulate APC mediated 
regulation of B-catenin-LEF signaling. J. Biol. Chem. 274(23):16641-5. 

Polakis P, Hart M and Rubinfeld B. 1999 Defects in the regulation of beta- 
catenin 

in colorectal cancer. Adv Exp Med BioL 470, 23-32 

62 Shen Z, Batzer A, Koehler JA, Polakis P, Schlessinger J, Lydon NB, Moran MF. 
1999 Evidence for SH3 domain directed binding and phosphorylation of Sam68 by 
Src. Oncogene. 18, 4647-53 

64 Thomas GM, Frame S, Goedert M, Nathke I, Polakis P, Cohen P. 1999 A 
GSK3- binding peptide from FRAT1 selectively inhibits the GSK3-catalysed 
phosphorylation of axin and beta-catenln. FEBS Lett. 458, 247-51 , 

65. PeiferM, Polakis P. 2000 Wnt signaling in oncogenesis and embryogenesis-a 
look outside the nucleus. Science 287,1606-9. 

66. Polakis P. 2000 Wnt signaling and cancer. Genes Dev;14, 1837-1851. 

67. Spink KE, Polakis P, Weis Wl 2000 Structural basis of the Axin-adenomatous 
polyposis coli interaction. EMBO J 19, 2270-2279. 

68. Szeto , W., Jiang, W., Tice, D.A., Rubinfeld, B., Hollingshead, P.G., Fong, S.E., 

•IDugger, D.L., Pham, T., Yansufa, D.E., Wong, T.A., Grimaldi, J.C., Corpuz, R.T., 
Singh J.S., Frantz, G.D., Devaux, B., Crowley, C.W., Schwall, R.H., Eberhard, 
D.A., 

Rastelli, L., Polakis, P. and Pennica, D. 2001 Overexpression of the Retinoic 

Acid~ 

Responsive Gene Stra6 in Human Cancers and its Synergistic Induction by Wnt-1 
and 

Retinoic Acid. Cancer Res 61, 4197-4204. 

69. Rubinfeld B, Tice DA, Polakis P. 2001 Axin dependent phosphorylation of the 
adenomatous polyposis coli protein mediated by casein kinase 1 epsilon. J Biol 

_Chem_ ____ 

276, 39037-39045. 

70. Polakis P. 2001 More than one way to skin a catenin. Cell 2001 105, 563-566. 

71. Tice DA, Soloviev I, Polakis P. 2002 Activation of the Wnt Pathway Interferes 
withSerum Response Element-driven Transcription of Immediate Early Genes. J 

Biol. 

Chem. 277, 6118-6123. 




72. Tice DA, Szeto W, Soloviev I, Rubinfeld B, Fong SE, Dugger DL, Winer J, 



Williams PM, Wieand D, Smith V, Schwall RH, Pennnica D, Polakis P. 2002 
* Synergistic activation of tumor antigens by writ-1 signaling and retinoic acid revealed 
by gene expression profiling. J Biol Chem. 277,14329-14335. 

Polakis, P. 2002 Casein kinase I: A wnfer of disconnect. Cur r. Biol. 1 2, R499. 

74. Mao;W. i Luis, E., Ross. S., Silva, X, Tan, C, Crowley, C, Chui, C, Franz, G., 
Senter, P., Koeppen, H., Polakis, P. 2004 EphB2 as a therapeutic antibody drug 
target for the treatment of colorectal cancer. Cancer Res. 64, 781-788. 

75. Shibamoto, S., Winer, J., Williams, M., Polakis, P. 2003 A Blockade in Writ 
signaling is activated following the differentiation of F9 teratocarcinoma cells. Exp. 
Cell Res. 29211-20. 

76. Zhang Y, Eberhard DA, Frantz GD, Dowd P, Wu TD, Zhou Y, Watanabe C, Luoh SM, Polakis P, : 
Hillan KJ, Wood Wl, Zhang Z. 2004 GEPIS-quantitative gene expression profiling in normal and 
cancer tissues. Bioinformatics, April 8 



SECOND DECLARATION OF PAUL POLARIS, Ph.D. 



I, Paul Polakis, Ph.D., declare and say as follows; 

I am currently employed by Genentech, Inc, where my job ride is Staff . 
Scientist. 

Since joining Genentech in 1999, one of my primary responsibilities has 
been leading Genentech's Tumor Antigen Project, which is a large research 
project with a primary focus on identifying tumor cell markers rhar find use 
as targets for both the diagnosis and treatmenr of cancer in humans. 

As I stated in my previous Declaration dated May 7, 2004 (attached as 
Exhibit A), my laboratory has been employing a variety of techniques, 
including microarray analysis, to identify genes which are differentially 
expressed in human tumor tissue relative to normal human tissue. The 
primary purpose of this research is to identify proteins that are abundandy 
expressed on certain human tumor tissue(s) and that are either (i) not 
expressed, or (ii) expressed at detectably lower levels, on normal ussue(s)! 

In the course of our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor tissue 
at significantly higher levels than in normal human tissue. To dare, we 
have successfully generated antibodies that bind to 31 of the tumor antigen 
proteins expressed from these differentially expressed gene transcripts and 
have used these antibodies co quantitatively determine the level of 
production of these tumor antigen proteins in both human tumor tissue and 
normal tissue. We have then quantitatively compared the levels of mRNA 
and protein in both the tumor and normal tissues analyzed. The results of 
these analyses are attached herewith as Exhibit B. In Exhibit B, % V means 
that the mRNA or protein was detectably overexpressed in the tumor tissue 
relative to normal tissue and means tiiat no detectable overexpression 
was observed in the tumor tissue relative to normal tissue. 

As shown in Exhibit B, of the 31 genes identified as being detectably 
overexpressed in human tumor tissue as compared to normal human tissue 
at the mRNA level , 28 of thera (i.e., greater than 90%) are also detectably 
overexpressed in human turnor tissue as compared to normal human tissue 
at the protein level . As such, in the cases where we have been able to 
quantitatively measure both (i) mRNA and (ii) protein levels in both (i) 
tumor tissue and (ii) normal tissue, we have observed that in the vast 
majority of cases, there is a very strong correlation between increases in 
mRNA expression and increases in the level of protein encoded by that 
mRNA. 



6. 



7. 



Based upon my own experience accumulated ia more than 20 years of 
research, including the data discussed in paragraphs 4-5 above and my 
knowledge of rhe relevant scientific literature, it is my considered scientific 
opinion that for human genes, an increased level of mRNA in a tumor 
tissue relative to a normal tissue more often than not correlates to a similar 
increase in abundance of the encoded protein in the tumor tissue relative ro 
rhe normal tissue. In fact, it remains a generally accepted working 
assumption in molecular biology that increased mRNA levels are more 
often than not predictive of elevated levels of the encoded protein. In fact, 
an entire industry focusing on the research and development of therapeutic 
antibodies to treat a variety of human diseases, such as cancer, operates on 
this working assumption. 

I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information or belief are believed to be 
true, and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code-and that such willful statements may jeopardize the validity of the 
application or any patent issued ihereon. 





Paul Poiakis, Ph.D, 
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EXHIBIT A 

DECLARATION OF PAUL POL AKIS, Ph.D. 
I, Paul Polakis, Ph.D., declare and say as follows; 

1 . I was awarded a PhD. by the Department of Biochemistry of the Michigan 
State University in 1984. My scientific Curriculum Vitae is attached to and forms 
part of this Declaration (Exhibit A). 

2. I am currently employed by Genentech, Inc. where my job tide is Staff 
Scientist. Since joining Genentech in 1999, one of ray primary responsibilities has 
been leading Genentech's Tumor Antigen Project, which is a large research project 
with a primary focus on identifying tumor cell markers that find use as targets for 
both the diagnosis and treatment of cancer in humans. 

3. As part of the Tumor Antigen Project, my laboratory has been analyzing 
differential expression of various genes in tumor cells relative to normal cells. 
The purpose of this research is to identify proteins that are abundantly expressed 
on certain tumor cells and that are either (i) not expressed, or (ii) expressed at 
lower levels, on corresponding normal cells. We call such differentially expressed 
proteins "tumor antigen proteins". When such a tumor antigen protein is 
identified, one can produce an antibody that recognizes and binds to that protein. 
Such an antibody finds use in the diagnosis of human cancer and may ultimately 
serve as an effective therapeutic in the treatment of human cancer. 

4. In the course of die research conducted by Genentech's Tumor Antigen 
Project, we have employed a variety of scientific techniques for detecting and 
studying differential gene expression in human tumor cells relative to normal cells, 
at genomic DNA, mRNA and protein levels. An important example of one such 
technique is the well known and widely used technique of microarray analysis 
which has proven to be extremely usefiil for the identification of mRNA molecules 
that are differentially expressed in one tissue or cell type relative to another. In the 
course of our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor cells at 
significantly higher levels than in corresponding normal human cells. To date, we 
have generated antibodies that bind to about 30 of the tumor antigen proteins 
expressed trom tnese differentially expressed gene~transcripts^and~have used-tliese — 
antibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and corresponding normal cells. We 
have then compared the levels of mRNA and protein in both the tumor and normal 
cells analyzed. 

5. From the mRNA and protein expression analyses described in paragraph 4 
above, we have observed that there is a strong correlation between changes in the 
level of mRNA present in any particular cell type and the level of protein 
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expressed from that mRNA in tliat cell type. In approximately 80% of our 
observa tions we have found that increases in the level of a particular mRNA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared with their corresponding normal cells. 

6. Based upon my own experience accumulated in more than 20 years of 
research, including thedata discussed in paragraphs 4 and 5 above and my 
knowledge of the relevant scientific literature, it is my considered scientific 
opinion that for human genes, an increased level of mRNA in a tumor cell relative 
to a normal cell typically correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the normal cell In fact, it remains a 
central dogma in molecular biology that increased mRNA levels are predictive of 
corresponding increased levels of the encoded protein. While there have been 
published reports of genes for which such a correlation does not exist, it is my 
opinion that such reports are exceptions to the commonly understood general rule 
that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information or belief are believed to be true, 
and farther that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful 
statements may jeopardize the validity of the application or any patent issued 
thereon. * 



Dated: SWof By: ^ /j^f/Jy 

Paul Polakis, PhJD. 



SV 2031808 vl 



2 



Be^Available Copy 




CURRICULUM VITAE 



PAUL G. POLAK1S 

Staff Scientist 

Genentech, Inc 

1 DNA Way, MS#40 

S. San Francisco, CA 94080 



EDUCATION: 



Ph.D., Biochemistry, Department of Biochemistry, 
Michigan State University (1984) 

B.S., Biology. College of Natural Science, Michigan State University (1 977) 



PROFESSIONAL EXPERIENCE: 

i 

2002-present 



Staff Scientist, Genentech, Inc 
S. San Francisco, CA 



1 999- 2002 



Senior Scientist, Genentech, Inc., 
S. San Francisco, CA 



1997 -1999 



Research Director 
Onyx Pharmaceuticals, Richmond, CA 



1992-1996 



Senior Scientist, Project Leader, Onyx 
Pharmaceuticals, Richmond, CA 



4994-4992- 



1989-1991 
1987-1989 



1985-1987 



^epior-Scientist^hiron-Corporation,^ 
Emeryville, CA. 



Scientist, Cetus Corporation, Emeryville CA. 

Postdoctoral Research Associate, Genentech, 
Inc., South SanFrancisco, CA. 

Postdoctoral Research Associate, Department 
of Medicine, Duke University Medical Center, 
Durham, NC 



Bes^vailable Copy 



1984-1985 Assistant Professor, Department of Chemistry, 

Oberiin College, Oberfin, Ohio 



1980-1984 



Graduate Research Assistant, Department of 
Biochemistry, Michigan State University 
East Lansing, Michigan 



PUBLICATIONS: 

1. Polakis, P G. and Wilson, J. E. 1982 Purification of a Highly Bindable Rat Brain 
Hexokinase by High Performance Liquid Chromatography. Biochem. Biophys. 
Res. Commun. 107, 937-943. 

2. Polakis, P.G. and Wilson, J. E. 1984 Proteolytic Dissection of Rat Brain 
Hexokinase: Determination of the Cleavage Pattern during Limited Digestion with 
Trypsin. Arch. Biochem. Biophys. 234, 341-352. 

3. Polakis, P. G. and Wilson, J. E. 1985 An Intact Hydrophobic N-Terminal 
Sequence is Required for the Binding Rat Brain Hexokinase to Mitochondria. Arch. 
Biochem. Biophys. 236, 328-337. 

4; Uhing, R.J., Polakis, P.G. and Snyderman, R. 1987 Isoiaton of GTP-binding 
Proteins from Myeloid HL60 Cells. J. Biol. Chem. 262, 15575-1 5579. 

5. Polakis, P.G., Uhing, R.J. and Snyderman, R. 1988 The Formylpeptide 
Chemoattractant Receptor Copurifies with a GTP-binding Protein Containing a 
Distinct 40 kDa Pertussis Toxin Substrate. J. Biol. Chem. 263, 4969-4979. 

6. Uhing, R, J. ( Dillon, S., Polakis, P. G. f Truett, A. P. and Snyderman, R. 1988 
Chemoattractant Receptors and Signal Transduction Processes in Cellular and 
Molecular Aspects of Inflammation ( Poste, G. and Crooke, S. T. eds.) pp 335-379. 

7. Polakis, P.G., Evans, T. and Snyderman 1989 Multiple Chromatographic Forms 
of the Formylpeptide Chemoattractant Receptor and their Relationship to GTP- 
binding Proteins. Biochem. Biophys. Res. Commun. 161, 276-283. 

8. Polakis, P. G., Snyderman, R. and Evans, T. 1989 Characterization of G25K, a 
-GIR^bindingJ^rotein Contain ing a Nove l Putative Nucleotide Binding Domain. 
Biochem. Biophys. Res. Comun. 160, 25-32. 

9. Polakis, P., Weber f R.F. f Nevins,B., Didsbury, J. Evans.T. and Snyderman, R. 
1989 Identification of the ral and rad Gene Products, Low Molecular Mass GTP- 
binding Proteins from Human Platelets. J. Biol. Chem. 264, 16383-16389. 

10. ^nyderman, R. f Perianin, A., Evans, T„ Polakis, P. and Didsbury, J. 1989 G 
Proteins and Neutrophil Function. In ADP-Ribosylating Toxins and G Proteins: 
Insights into Signal Transduction. ( J. Moss and M. Vaughn, eds.) Amer. Soc. 
Microbiol, pp. 295-323. 



BesfcAvailable Copy 



11. Hart. M.J., Polakis, P.G., Evans, T. and Cerrione, RA 1990 The Identification 
and Charaterization of an Epidermal Growth Factor-Stimulated Phosphorylation of a 
Specific Low Molecular Mass GTP-binding Protein in a Reconstituted Phospholipid 
Vesicle System. J. Biol. Chem. 265, 5990-6001. 

12. Yatani, A., Okabe, K., Polakis, P. Halenbeck, R. McCormick, F. and Brown, A; 
M. 1990 ras p21 and GAP Inhibit Coupling of Muscarinic Receptors to Atrial K+ 
Channels. Cell. 61, 769-776. . 

13. Munemitsu, S., Innis, M.A., Clark, R., McCormick, F., Ullrich, A. and Polakis, 
P.G. 1990 Molecular Cloning and Expression of a G25K cDNA, the Human Homolog 

. of the Yeast Cell Cycle Gene CDC42. Mol. Cell. Biol. 10, 5977-5982. 

14. Polakis, P.G. Rubinfeld, B. Evans, T. and McCormick, F. 1991 Purification of 
Plasma Membrane-Associated GTPase Activating Protein (GAP) Specific for rap- 
1/krev-1 from HL60 Cells. Proc. Natl. Acad. Sci. USA 88, 239-243. 

15. Moran, M. F M Polakis, P., McCormick, F., Pawson, T. and Ellis, C. 1991 Protein 
Tyrosine Kinases Regulate the Phosphorylation, Protein Interactions, Subcellular 
Distribution, and Activity of p21ras GTPase Activating Protein. Mol. CelL Biol. 11, 

1804-1812 

16. Rubinfeld, B., Wong, G.„Bekesi, E. Wood, A. McCormick, F. and Polakis, P. G. 
1991 A Synthetic Peptide Corresponding to a Sequence in the GTPase Activating 
Protein Inhibits p21 ras Stimulation and Promotes Guanine Nucleotide Exchange. 
Internatl. J. Peptide and Prot. Res. 38, 47-53. 

17. Rubinfeld, B., Munemitsu, S., Clark, R., Conroy, L, Watt, K., Crosier, W. f 
McCormick, F., and Polakis, P. 1991 Molecular Cloning of a GTPase Activating 
Protein Specific for the Krev-1 Protein p21 ra P 1 . Cell 65, 1033-1042. 

18. Zhang, K. Papageorge, A., G., Martin, P., Vass, W. C, Olah, Z., Polakis, P., 
McCormick, F. and Lowy, D, R. 1991 Heterogenous Amino Acids in RAS and 
RaplA Specifying Sensitivity to GAP Proteins. Science 254, 1630-1634. 

19. Martin, G., Yatani, A., Clark. R., Polakis, P., Brown, A. M. and McCormick, F. 
.1992 GAP Domains Responsible for p21 ras -dependent Inhibition of Muscarinic Atrial 
K + Channel Currents. Science 255, 1 92-1 94 . 

~20*cComT(^ — 

Regulation of p21ras by GTPase Activating Proteins. Cold Spring Harbor Symposia 
on Quantitative Biology. Vol. 56, 237-241. 

21. Pronk, G. B. f Polakis, P., Wong, G., deVries-Smits, A. M.. Bos J. L. and 
McCormick. F. 1992 p60 v src Can Associate with and Phosphorylate the p21 ras 
GTPase Activating Protein. Oncogene 7,389-394. 

22. Polakis P. and McCormick, F. 1992 Interactions Between p21' as Proteins and 
Their GTPase Activating Proteins. In Cancer Surveys ( Franks, L M., ed.) 12, 25- 
42. 



BedbAvailable Copy 




23. Wong, G. f Muller, O.. Clark, R., Conroy, L., Moran. M., Polakis.P. and 
McCormick. F. 1 992 Molecular coloning and nucleic add binding properties of the 
GAP-associated tyrosine phosphoprotein p62. Cell 69. 551r558. 

24. Polakis, P.. Rubinfeld, B. and McCormick, F. 1992 Phosphorylation of raplGAP 
in vivo and by cAMP-dependent Kinase and the Cell Cycle p34 cd c2 Kinase in vitro 
J. Biol. Chem. 267, 10780-10785. 

25. McCabe. P.C.. Haubrauck, H.. Polakis, P., McCormick, F., and Innis, M. A. 
1992 Functional Interactions Between p21 ra P 1A and Components of the Budding 
pathway of Saccharomyces cerevisiae. Mol. Cell. Biol. 12, 4084-4092. 

26. Rubinfeld, B.. Crosier. W.J., Albert. I., Conroy.L., Clark, R. f McCormick. F. and 
Polakis, P. 1 992 Localization of the rapl GAP Catalytic Domain and Sites of 
Phosphorylation by Mutational Analysis. Mol. Cell . Biol. 12, 4634-4642. 

27. Ando, S., Kaibuchi, K„ Sasaki, K., Hiraoka, T.. Nishiyama. T., Mizuno, T., 
Asada, M.. Nunoi. H.. Matsuda, I., Matsuura, Y., Polakis, P., McCormick, F. and . 
Takai, Y. 1992 Post-translational processing of rac p21s is important both for their 
interaction with the GDP/GTP exchange proteins and for their activation of NADPH 
oxidase. J. Biol. Chem. 267. 25709-25713. 

28. Janoueix-Lerosey, I., Polakis, P., Tavitian, A. and deGunzberg. J. 1 992 
Regulation of the GTPase activity of the ras-related rap2 protein. Biochem. 
Biophys. Res. Commun. 189. 455-464. 

29. Polakis, P. 1993 GAPs Specific for the rap1/Krev-1 Protein, in GTP-bindinq 
Proteins: th e ras-superfamilv. ( J.C. LaCaje and F. McCormick, eds.) 445-452. 

30. Polakis, Pi and McCormick, F. 1993 Structural requirements for the interaction 
Of P 2iras W i th GAP, exchange factors, and its bological effector target. J. Biol 
Chem. 268, 9157-9160. 

31. Rubinfeld, B., SoUza, B. Albert, I.. Muller. O., Chamberiain. S., Masiarz, F.. 
Munemitsu. S. and Polakis, P. 1 993 Association of the APC gene product with 
beta- catenin. Science 262, 1731-1734. 

32. Weiss, J.. Rubinfeld. B.. Polakis, P., McCormick, F. Cavehee, W. A. and Arden, 
K. 1993 The gene for human rapl -GTPase activating protein (raplGAP) maps to 

iefc-GelM3enetr-66r4€-2-^— ' 




33. Sato, K. Y.. Polakis, P;. Haubruck. H.. Fasching. C. L, McCormick. F. and 
Stanbridge, E. J. 1994 Analysis of the tumor suppressor acitvity of the K-rev gene in 
human tumor cell lines. Cancer Res. 54. 552-559. 

34. Janoueix-Lerosey, I., Fontenay, M., Tobelem, G.. Tavitian, A.. Polakis, P. and 
DeGunzburg, J. 1994 Phosphorylation of raplGAP during the cell cycle. Biochem. 
Biophys. Res. Commun. 202, 967-975 

35. Munemitsu. S.. Souza. B . Mueller. O.. Albert, I.. Rubinfeld. B., and Polakis, P. 
1994 The APC gene product associates with microtubules in vivo and affects their 
assembly in vitro. Cancer Res. 54, 3676-3681. 



Bes^vailable Copy 




36. Rubinfeld, B. and Polakis, P. 1995 Purification of baculovirus produced 
rapl GAP. Methods Enz. 255,31 

37. Polakis, P. 1 995 Mutations in the APC gene and their implications for protein 
structure and function; Current Opinions in Genetics and Development 5, 66-71 

38. Rubinfeld, B., Souza, B., Albert, I., Munemitsu, S. and Polakis P. 1995 The 
APC protein and E-cadherin form similar but independent complexes with a-catenin, 
p-catenin and Plakoglobin. J. Biol. Chem. 270,5549-5555 

39. Munemitsu, S M Albert, L, Souza, B., Rubinfeld, B. f and Polakis, P. 1995 
Regulation of intracellular p-catenin levels by the APC tumor suppressor gene. 
Proc. Natl. Acad. Sci. 92, 3046-3050. 

40. Lock, P.. Fumagalli, S., Polakis, P. McCormick, F. and Courtneidge, S. A. 1996 
The human p62 cDNA encodes Sam68 and not the rasGAP-associated p62 protein. 
Cell 84, 23-24. 

41. Papkoff, J., Rubinfeld, B. f Schryver, B. and Polakis, P. 1996 Wnt-1 regulates 
free poois of caienins and stabilizes APC-catenin complexes. MoL Ceil. Bioi. 16 ( 
2128-2134. 

42. Rubinfeld. B., Albert, I.. Porfiri. E.. Fiol, C, Munemitsu, S. and Polakis, P. 1996 
Binding of GSK3p to the APC-p-catenin complex and regulation of complex 
assembly. Science 272, 1023-1026. 

43. Munemitsu. S., Albert, I., Rubinfeld. B. and Polakis, P. 1996 Deletion of amino- 
termina! structure stabilizes p-catenin in vivo and promotes the 

hyperphosphorylation of the APC tumor suppressor protein. Mol. Cell. Biol.1 6. 

4088-4094. 

44. Hart, M. J.. Callow. M. G., Sousa.B. and Polakis P. 1996 IQGAP1, a 
calmodulin binding protein witha rasGAP related domain, is a potential effector for 
cdc42Hs. EMBO J. 15,2997-3005. 

45. Nathke, I. S.. Adams, C. L. Polakis, P.. Sellin, J. and Nelson. W. J, 1996 The 
adenomatous polyposis coli (APC) tumor suppressor protein is localized to plasma 
membrane sites involved in active epithelial cell migration. J. Cell. Biol. 134. 165- 

1-8f 



46. Hart. M. J.. Sharma. S.. elMasry, N.. Qui, R-G., McCabe, P., Polakis, P. and 
Bollag. G. 1996 Identification of a novel guanine nucleotide exchange factor for the 
rho GTPase. J. Biol. Chem. 271. 25452. 

47. Thomas JE, Smith M. Rubinfeld B. Gutowski M, Beckmann RP. and Polakis P. 
1 996 Subcellular localization and analysis of apparent 1 80-kDa and 220-kDa 
proteins of the breast cancer susceptibility gene. BRCA1 . J. Biol. Chem. 1996 
271.28630-28635 



48. Hayashi, S.. Rubinfeld. B., Souza, B., Polakis, P., Wieschaus, E., and tevine. 
A. 1997 A Drosophila homolog of the tumor suppressor adenomatous polyposis coli 



Be^Available Copy 



4 

down-regulates p -cateniri but its zygotic expression is not essential for the 
regulation of armadillo. Proc. Natl. Acad. Sci. 94, 242-247. 

49. Vleminckx, K. f Rubinfeld, B. t Polakis, P. and Gumbiner, B. 1997 The APC 
tumor suppressor protein induces a new axis in Xenopus embryos. J. Cell. Biol. 
136.411-420. 

50. Rubinfeld, B : , Robbins, P., El-Gamil. M. ( Albert, I., Porfiri, P. and Polakis, P. 
1997 Stabilization of p-catenin by genetic defects in melanoma cell lines. Science 
275, 1790-1792. 

51 . Polakis, P. The adenomatous polyposis coli (APC) tumor suppressor. 1 997 
Biochem. Biophys. Acta, 1332, F127-F147. 

52. Rubinfeld, B., Albert, L, Porfiri, EJ. Munemitsu, S., and Polakis, P 1997 Loss of 
P-catenin regulation by the APC tumor suppressor protein correlates with loss of 
structure due to common somatic mutations of the gene. Cancer Res. 57,4624- 
4630. 

53. Porfiri, E., Rubinfeld, B., Albert, l. f Hovanes. K; f Waterman, M., and Polakis, P. 
. 1 997 Induction of a p-catenin-LEF-1 complex by wnt-1 and transforming mutants of 

p-catenin. Oncogene 15,2833-2839. 

54. Thomas JE, Smith M. Tonkinson JL, Rubinfeld B, and Polakis P., 1997 
Induction of phosphorylation on BRCA1 during the cell cycle and after.DNA damage. 
Cell Growth Differ. 8,801-809. 

55/Hart.M., de los Santos, R., Albert, l. f Rubinfeld, B., and Polakis P., 1998 Down 
regulation of p-catenin by human Axin and its association with the adenomatous 
polyposis coli (APC) tumor suppressor, p-catenih and glycogen synthase kinase 3p. 
Current Biology 8, 573-581. 

56. Polakis, P. 1998 The oncogenic activation of p-catenin. Current Opinions in 
Genetics and Development 9, 15-21 

57. Matt Hart, Jean-Paul Concordet, Irina Lassot, Iris Albert. Rico del los Santos, 
Herve Durand, Christine Perret, Bonnee Rubinfled, Florence Margottin, Richard 
Benarous and Paul Polakis. 1999 The F-box protein p-TrCP associates with 
43hos phorylated p-catenin and regulates its activity in the cell. Current B iology 9, 
207-10. 

58. Howard C. Crawford, Barbara M. Fingleton, Bonnee Rubinfeld, Paul Polakis 
and Lynn M. Matrisian 1999 The metalloproteinase matrilysin is a target of 
p-catenin transactivation in intestinal tumours. Oncogene 18, 2883-91. 

59. Meng J, Glick JL. Polakis P, Casey PJ. 1999 Functional interaction between 
Galpha(z) and RaplGAP suggests a novel form of cellular cross-talk. J Biol Chem. 
17, 36663-9 



Bes^vailable Copy 






60. Vijayasurian Easwaran, Virginia Song, Paul Polakis and Steve Byers 1999 The 
ubiquitin-proteosome pathway and serine kinase activity modulate APC mediated 
regulation of p-catenin-LEF signaling. J. Biol. Chem. 274(23): 16641 -5. 

61 Polakis P, Hart M and Rubinfeld B. 1999 Defects in the regulation of beta- 
catenin 

in colorectal cancer. Adv Exp Med Biol. 470, 23-32 

i ... 

62 Shen Z, Batzer A, Koehler JA ( Polakis P, Schlessinger J, Lydon NB, Moran MF. 
1999 Evidence for SH3 domain directed binding and phosphorylation of Sam68 by 
Src. Oncogene. 18, 4647-53 



64. Thomas GM, Frame S, Goedert M r Nathke I, Polakis P, Cohen P. 1999 A 
GSK3- binding peptide from FRAT1 selectively inhibits the GSK3-catalysed 
phosphorylation of axin and beta-catenin. FEBS Lett. 458, 247-51. 

65. Peifer M, Polakis P. 2000 Wnt signaling in oncogenesis and embryogenesis-a 
look outside the nucleus. Science 287,1606-9! 

66. Polakis P. 2000 Wnt signaling and cancer. Genes Dev;14, 1837-1851. 

67. Spink KE, Polakis P, Weis Wl 2000 Structural basis of the Axin-adenomatdus 
polyposis coli interaction. EMBO J 19,2270-2279. 

68. Szeto , W., Jiang, W. ( Tice, DA, Rubinfeld, B. f Holiingshead, P.G., Fong, S.E., 
Dugger, D.L; Pham, T., Yansura, D.E., Wong, T.A., Grimaldi, J.C., Corpuz, R.T., 
Singh J.S., Frantz, G.Dr, Devaux, B. t Crowley, C.W., Schwall, R.K. Eberhard, 

D.A., 

Rastelli, L, Polakis, P. and Pennica, D. 2001 Overexpression of the Retinoic 

Acid- 
Responsive Gene Stra6 in Human Cancers and its Synergistic Induction by WnM 

and 

Retinoic Acid. Cancer Res 61, 4197-4204. 

.69. Rubinfeld B, Tice DA, Polakis P. 2001 Axin dependent phosphorylation of the 
adenomatous polyposis coli protein mediated by casein kinase 1 epsilpn. J Biol 
Chem 

276, 39037-39045. 



70. Polakis P. 2001 More than one way to skin a catenin. Cell 2001 105,563-566. 



71 . Tice DA, Soloviev I, Polakis P. 2002 Activation of the Wnt Pathway Interferes 
withSerum Response Element-driven Transcription of Immediate Early Genes. J 
Biol. 

Chem. 277,6118-6123. 



72. Tice DA, Szeto W, Soloviev I, Rubinfeld B, Fong SE, Dugger DL, Winer J, 



Williams PM, Wieand D, Smith V, Schwall RH. Pennnica D, Polakis P. 2002 
Synergistic activation of tumor antigens by wnt-1 signaling and retinoic acid revealed 
by gene expression profiling. J Biol Chem. 277,14329-14335. 

73. Polakis, P. 2002 Casein kinase I: A wnt'er of disconnect. Curr. Biol. 12. R499. 

74. Mao.W. , Luis, E„ Ross. S. ( Silva, J. T Tan r C M Crowley, C, Chui, C„ Franz, G. f 
Senter, P., Koeppen, H., Polakis, P. 2004 EphB2 as a therapeutic antibody drug 
target for the treatment of colorectal cancer. Cancer Res. 64, 781-788. 

75. Shibamoto, S., Winer, J., Williams, M., Polakis, P. 2003 A Blockade in Wnt 
signaling is activated following the differentiation of F9 teratocarcinoma cells. Exp. 
Cell Res. 2921 1-20. 

76. Zhang Y, Eberhard DA, Frantz GD, Dowd P, Wu TD. Zhou Y. Watanabe C, Luoh SM, Polakis P, 
Hillan KJ, Wood Wl, Zhang Z. 2004 GEPIS-quantitative gene expression profiling in normal and 
cancer tissues. Bioinformatics, April 8 



EXHIBITS 



tumor mRNA tumor IHC 



UNQ2525 
UNQ2378 
UNQ972 
UIMQ97671 
UNQ2964 
UNQ323 
UNQ1655 
UNQ2333 
UNQ9638 
IUNQ82Q9 
UNQ6507 
UNQ8196 
UNQ9109 
iUNQlOQ 
UNQ178 
!UNQ1477 
UNQ1839 
UNQ2079 
UNQ8782 
UNQ9646 
UNQ111 
UNQ3079 
UNQ8175 
UNQ9509 
UNQ10978 
UNQ21Q3 
UNQ1563 
UNQ16188 
UNQ13589 
UNQ1078 
UNQ879 



+ 




(CANCER RESEARCH 62. 6240-6243. November l t 2002) 

Impact of DNA Amplification on Gene Expression Patterns in Breast Cancer 1 ' 2 

Elizabeth Hyman, 3 Paivikki Kauraniemi, 3 Sampsa Hautaniemi, Maija Wolf, Spyro Mousses, Ester Rozenblum, 
Markus Ringner, Guido Sauter, Outi Monni, Abdel Elkahloun, Olli-P. Kallioniemi, and Anne Kallioniemi 4 

Howard Hughes Medical Irtstitute-NIH Research Scholar, Bethesda, Maryland 20892 /EL H]l Cancer Genetics Branch, National Human Genome Research Institute, NIH, 
Bethcsda. Maryland 20892 {£. H„ P. K* S. H„ Af. W., S. A/.. E. R., M. R. t A. O. K., A. K.J; laboratory of Cancer Genetics, Institute of Medical Technology, University of 
Tampere and Tampere University Hospital, F&f-3$520 Tampere, Finland [P. K.. A. Kf; Signal Processing Laboratory, Tampere University of Technology, FIN-33I0I Tampere, 
Finland ($. HJ; Institute of Pathology. University of Basel CH-4003 Basel, Switzerland [G. SJ; and Biomedlcum Biochip Center, Helsinki University Hospital. Biomedicum 
Helsinki. FIN-C0014 Helsinki. Finland [O. M.] 



ABSTRACT 

Genetic changes underlie rumor progression and may lead to cancer- 
specific expression of critical genes. Over 1100 publications have de- 
scribed the use of comparative genomic hybridization (CGH) to analyze 
the pattern of copy number alterations In cancer, but very few of the genes 
affected are known. Here, we performed high-resolution CGH analysis on 
cDNA microarrays in breast cancer and directly compared copy number 
and mRNA expression levels of 13,824 genes to quantitate the impact of 
genomic changes on gene expression. We identified and mapped the 
boundaries of 24 independent am pi icons, ranging In size from 0.2 to 12 
Mb. Throughout the genome, both high- and low-level copy number 
changes bad a substantial impact on gene expression, with 44% of the 
highly amplified genes showing ovcrcxpression and 10.5V* of the highly 
overexpressed genes being amplified. Statistical analysis with random 
permutation tests identified 270 genes whose expression levels across 14 
samples were systematically attributable to gene amplification. These 
included most previously described amplified genes in breast cancer and 
many novel targets for genomic alterations, including the HOXB7 gene, 
the presence of which in a novel amplicon at 17q21.3 was validated in 
10.2% of primary breast cancers and associated with poor patient prog- 
nosis. In conclusion, CGH on cDNA microarrays revealed hundreds of 
novel genes whose overexpression Is attributable to gene amplification. 
These genes may provide insights to the clonal evolution and progression 
of breast cancer and highlight promising therapeutic targets. 

INTRODUCTION 

Gene expression patterns revealed by cDNA microarrays have 
facilitated classification of cancers into biologically distinct catego- 
ries, some of which may explain the clinical behavior of the tumors 
(1-6). Despite this progress in diagnostic classification, the molecular 
mechanisms underlying gene expression patterns in cancer have re- 
mained elusive, and the utility of gene expression profiling in the 
identification of specific therapeutic targets remains limited 

Accumulation of genetic defects is thought to underlie the clonal 
evolution of cancer. Identification of the genes that mediate the effects 
of genetic changes may be important by highlighting transcripts that 
are actively involved in tumor progression. Such transcripts and their 
encoded proteins would be ideal targets for anticancer therapies, as 
demonstrated by the clinical success of new therapies against ampli- 
fied oncogenes, such as ERBB2 and EGFR (7, 8), in breast cancer and 
other solid tumors. Besides amplifications of known oncogenes, over 
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Fig. 1 . Impact of gene copy number on global gene expression levels. A. percentage of 
over- and undercxprcsscd genes (Y axis) according to copy number ratios (X axis). 
Threshold values used for over- and undcrexpression were >2J84 (global upper 7% of 
the cDNA ratios) and < 0.4826 (global lower 7% of the expression ratios). B, percentage 
of amplified and deleted genes according to expression ratios. Threshold values for 
amplification and deletion were >1.5 and <0.7. 



20 recurrent regions of DNA amplification have been mapped in 
breast cancer by CGH 5 (9, 10). However, these amplicons are often 
large and poorly defined, and their impact on gene expression remains 
unknown. 

We hypothesized that genome-wide identification of those gene 
expression changes that are attributable to underlying gene copy 
number alterations would highlight transcripts that are actively in- 
volved in the causation or maintenance of the malignant phenotype. 
To identify such transcripts, we applied a combination of cDNA and 
CGH microarrays to: (a) determine the global impact that gene copy 
number variation plays in breast cancer development and progression; 
and (b) identify and characterize those genes whose mRNA expres- 



3 The abbreviations used are: CGH, comparative genomic hybridization; FISH, fluo- 
rescence in situ hybridization; RT-PCR, reverse transcription-PCR. 
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Fig. 2 Gcnomc-wide copy number and expression analysis in the MCF-7 breast cancer cell line. A. chromosomal CGH analysis of MCF-7. The copy number ratio profile (blue 
line) acres* the entire genome from lp telomere to Xq telomere is shown along with ± I SD (orange tines). The 6/oc* horizontal tine indicates a ratio of 1 .0; red line, a ratio of 0.8; 
and green tine, a ratio of 1.2. B-C genome-wide copy number analysis in MCF-7 by CGH on cDNA microarray. The copy number ratios were plotted as a function of the position 
of the cDNA clones along the human genome. In 5, individual data points are connected with a line, and a moving median of 10 adjacent clones is shown. Red horizontal tine, the 
copy number ratio of 1.0. In C, individual data points are labeled by color coding according to cDNA expression ratios. The bright red dots indicate the upper 2%, and dark red dots, 
the next 5% of the expression ratios in MCF-7 cells (overexprcswd genes); bright green dots indicate the lowest 2%, and dark green dots, the next 5% of the expression ratios 
(uadercxpressed genes); the rest of (he observations ore shown with black crosses. The chromosome numbers arc j shown at the bottom of the figure, and chromosome boundaries arc 
indicated with a dashed line. 



sion is most significantly associated with amplification of the corre- 
sponding genomic template. 

MATERIALS AND IvJETHODS 

Breast Cancer Cell Unes. Fourteen breast cancer cell lines (BT-20, BT- 
474,HCC1428, Hs578t, MCF7. MDA-361, MDA-436, MDA-453, MDA-468, 
SKBR-3, T-47D, UACC812, ZR-75-1, and ZR-75-30) were obtained from the 
American Type Culture Collection (Manassas, VA). Cells were grown under 
recommended culture conditions. Genomic DNA and mRNA were isolated 
using standard protocols. 

Copy Number and Expression Analyses by cDNA Microarrays. The 
preparation and printing of the 13,824 cDNA clones on glass slides were 
performed as described (11-13). Of these clones, 244 represented uncharac- 
terized expressed sequence tags, and the remainder corresponded to known 
genes. CGH experiments on cDNA microarrays were done as described (14, 
15). Briefly, 20 /tg of genomic DNA from breast cancer cell lines and normal 
human WBCs were digested for 14-18 h with AM and /foal (Life Technol- 
ogies, Inc., Rockville, MD) and purified by phcnoVchloroform extraction. Six 
Mg of digested cell line DNAs were labeled with Cy3-dUTP (Amersham 
Pharmacia) and normal DNA with Cy5-dUTP (Amersham Pharmacia) using 
the Bioprime Labeling kit (Life Technologies, Inc.). Hybridization ( 14, 15) and 
posthybridization washes (13) were done as described. For the expression 
analyses, a standard reference (Universal Human Reference RNA; Stratagene, 
La Jolla, CA) was used in all experiments. Forty ftg of reference RNA were 
labeled with Cy3-dUTP and 3.5 pig of test mRNA with Cy5-dUTP, and the 
labeled cDNAs were hybridized on microarrays as described (13, 15). For both 
microarray analyses, a laser confocal scanner (Agilent Technologies, Palo 
Alto, CA) was used to measure the fluorescence intensities at the target 
locations using the DE ARRAY software (16). After background subtraction, 
average intensities at each clone in the test hybridization were divided by the 
average intensity of the corresponding clone in the control hybridization. For 
the copy number analysis, the ratios were normalized on the basis of the 
distribution of ratios of all targets on the array and for the expression analysis 
on the basis of 88 housekeeping genes, which were spotted four times onto the 
array. Low quality measurements (/.*., copy number data with mean reference 
intensity <100 fluorescent units, and expression data with both test and 
reference intensity <100 fluorescent units and/or with spot size <50 units) 
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were excluded from the analysis and were treated as missing values. The 
distributions of fluorescence ratios were used to define cutpoints for increased/ 
decreased copy number. Genes with CGH ratio > 1 .43 (representing the upper 
5% of the CGH ratios across all experiments) were considered to be amplified, 
and genes with ratio <0.73 (representing the lower 5%) were considered to be 
deleted. 

Statistical Analysis of CGH and cDNA Microarray Data. To evaluate 
the influence of copy number alterations on gene expression, we applied the 
following statistical approach. CGH and cDNA calibrated intensity ratios were 
log-transformed and normalized using median centering of the values in each 
cell line. Furthermore, cDNA ratios for each gene across all 14 cell lines were 
median centered. For each gene, the CGH data were represented by a vector 
that was labeled 1 for amplification (ratio, >1.43) and 0 for no amplification. 
Amplification was correlated with gene expression using the signal-lo-noise 
statistics (1). We calculated a weight, w r for each gene as follows; 

where m gXi <r gl and cr^ denote the means and SDs for the expression 
levels for amplified and nonamplified cell lines, respectively. To assess the 
statistical significance of each weight, we performed 10,000 random permu- 
tations of the label vector. The probability that a gene had a larger or equal 
weight by random permutation than the original weight was denoted by a. A 
low a (<0.05) indicates a strong association between gene expression and 
amplification. 

Genomic Localization of cDNA Clones and Amplicon Mapping. Each 
cDNA clone on the microarray was assigned to a Unigene cluster using the 
Unigene Build 14 1. 6 A database of genomic sequence alignment information 
for mRNA sequences was created from the August 2001 freeze of the Uni- 
versity of California Santa Cruz's GoldcnPath database. 7 The chromosome and 
bp positions for each cDNA clone were then retrieved by relating these data 
sets. Amplicons were defined as a CGH copy number ratio >2.0 in at least two 
adjacent clones in two or more cell lines or a CGH ratio >2.0 in at least three 
adjacent clones in a single cell line. The amplicon start and end positions were 



* Internet address; http^/r<^Qrcrunhgri.nih.gov/microarray/dou'n!oadable_cdna.htinJ. 
7 Internet address: www.gcnomc.ucsc.edu. 
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Table I Summary of independent amplicons in 14 breast cancer ceti tines by 

CGH microarray 



Location 



)p!3 
Jq2l 
1q22 
3 P I4 

7pl2.l-7plU 

7q31 

7q32 

8q21.1l-8c2U3 
8o2U 

8q23.3~8q24.14 

8q24.22 

9pl3 

I3q22-q31 

I6q22 

17qll 

I7ql2-q21.2 

I7q21.32-q21.33 

I7q22-<i23.3 

I7q23.3-q24j 

19qU 

20ql1.22 

20qU.i2 

20qt3.l2«qJ3J3 

20ql3.2-ql3.32 



Start fMb) 


End (Mb) 


Size (Mb) 


132.79 


132.94 


0.2 


173.92 


177.25 


3.3 


179.28 


179.57 


0.3 


71.94 


74.66 


2.7 


55.62 


60.95 


5.3 


125.73 


130.96 


5.2 


140.01 


140.68 


0.7 


86.4S 


92.46 


6.0 


98.45 


103.05 


4.6 


129.88 


142.15 


123 


151.2] 


152.16 


1.0 


38.65 


39.25 


0.6 


77.15 


81.38 


42 


86.70 


87.62 


0.9 


29.30 


30.85 


1.6 


39.79 


42.80 


3.0 


52.47 


55.80 


33 


63.81 


69.70 


5.9 


69.93 


74.99 


5.1 


40.63 


41.40 


0.8 


34.59 


35.85 


1.3 


44.00 


45.62 


1.6 


46.45 


49.43 


3.0 


51.32 


59.12 


7.8 



CGH were validated, with lq21, 17ql2.— q2l.2, 17q22-q23, 20ql3.1, 
and 20ql3.2 regions being most commonly amplified. Furthermore, 
the boundaries of these amplicons wece precisely delineated. In ad- 
dition, novel amplicons were identified at 9pl3 (38.65-39.25 Mb), 
and 17q213 (52.47-55.80 Mb). 

Direct Identification of Putative Amplification Target Genes. 
The cDNA/CGH microarray technique enables the direct correla- 
tion of copy number and expression <data on a gene-by-gene basis 
throughout the genome. We directly annotated high-resolution 
CGH plots with gene expression data using color coding. Fig. 2C 
shows that most of the amplified genes in the MCF-7 breast cancer 
cell line at lp!3, 17q22-q23, and 20ql3 were highly overex- 
pressed. A view of chromosome 7 in the MDA-468 cell line 
implicates EGFR as the most highly overexpressed and amplified 
gene at 7pl l-p!2 (Fig. In BT-4 74, the two known amplicons 
at 17ql2 and 17q22-q23 contained numerous highly overex- 
pressed genes (Fig. 3£). In addition, several genes, including the 
homeobox genes HOXB2 and HOXB 7, were highly amplified in a 
previously undescribed independent amplicon at 17q21.3. HOXB7 
was systematically amplified (as validated by FISH, Fig. 3B, inset) 
as well as overexpressed (as verified by RT-PCR* data not shown) 
in BT-474, UACC812, and ZR-75-30 cells. Furthermore, this novel 



extended to include neighboring nonamplificd clones (ratio, <1.5). The am- 
plicon size determination was partially dependent on local clone density. 

FISH. Dual-color interphase FISH to breast cancer cell lines was done as 
described (17). Bacterial artificial chromosome clone RP11-361K8 was la- 
beled with SpectmmOrange (Vysis, Downers Grove, IL), and Spectrum- 
Orange-labeled probe for EGFR was obtained from Vysis. SpectrumGreen- 
labeled chromosome 1 and 17 centromere probes (Vysis) were used as a 
reference. A tissue microarray containing 612 formalin-fixed, paraffin-embed- 
ded primary breast cancers (17) was applied in FISH analyses as described 
(18). The use of these specimens was approved by the Ethics Committee of the 
University of Basel and by the NIH. Specimens containing a 2-fold or higher 
increase in the number of test probe signals, as compared with corresponding 
centromere signals, in at least 10% of the tumor cells were considered to be 
amplified. Survival analysis was performed using the Kaplan-Meier method 

and the log-rank test. 

RT-PCR. The HOXB7 expression level was determined relative to 
GAPDH. Reverse transcription and PCR amplification were performed using 
Access RT-PCR System (Promcga Corp., Madison, Wl) with 10 ng of mRNA 
as a template. HOXB7 primers were 5'-G AGCAGAGGG ACTCGGACTT-3 ' 
and 5 ' -GCGTC AGGTAGCG ATTGT AG-3' . 

RESULTS 

Global Effect of Copy Number on Gene Expression. 13,824 
arrayed cDNA clones were applied for analysis of gene expression 
and gene copy number (CGH rnicroarrays) in 14 breast cancer cell 
lines. The results illustrate a considerable influence of copy number 
on gene expression patterns. Up to 44% of the highly amplified 
transcripts (CGH ratio, >2.5) were overexpressed (i.e., belonged to 
the global upper 7% of expression ratios), compared with only 6% for 
genes with normal copy number levels (Fig. 1 A). Conversely, 10.5% 
of the transcripts with high-level expression (cDNA ratio, >10) 
showed increased copy number (Fig. \B). Low-level copy number 
increases and decreases were also associated with similar, although 
less dramatic, outcomes on gene expression (Fig, 1). 

Identification of Distinct Breast Cancer Amplicons. Base-pair 
locations obtained for 1 1 ,994 cDNAs (86.8%) were used to plot copy 
number changes as a function of genomic position (Fig. 2, Supple- 
ment Fig. A). The average spacing of clones throughout the genome 
was 267 kb. This high-resolution mapping identified 24 independent 
breast cancer amplicons, spanning from 0.2 to 12 Mb of DNA (Table 
1). Several amplification sites detected previously by chromosomal 



s 



5 • 



9% 



Che 7 



• SECfllQ 




**4 




8 8 10 

Swepafrs 



12 14 . 16 t7 

*io* 




BT-474 
Chf.17 



• HOX07 



»Ff>UlO 

• cue 



BP86KB1 





MlO* 

Fig. 3. Annotation of gene expression data on CGH microarray profile*. A, genes in the 
7pl I -pi 2 amplicon in the MDA-468 cell line ire highly expressed {red dots) and include 
the EGFR oncogene. B. several genes in the !7ql2, I7q21.3. and I7q23 amplicons in the 
BT-474 breast cancer cell line are highly overexpressed (red) and include the HOXB7 
genc. The data labels and color coding arc as indicated for Fig. 2C. Insets show 
chromosomal CGH profiles Tor the corresponding chromosomes and validation of the 
increased copy number by interphase FISH using EGFR (red) and chromosome 7 
centromere probe (green) to MDA-468 (A) and HOXB 7-ipccific probe (red) and chro- 
mosome 17 centromere (green) (o BT-474 cells (B). 
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Fig. 4. List of 50 genes with a statutorily 
significant correlation (or value <0.O5) between 
gene copy number and gene expression. Name, 
chromosomal location, and the a value for each 
gene are indicated. The genes have beenordercd 
according to their position in the genome. The color 
maps on the right illustrate the copy number and 
expression ratio patterns in the 14 cell lines. The 
key to the color code is shown at the bottom of the 
graph. Gray squares, missing values. The complete 
list of 270 genes is shown in supplemental Fig. fl. 




amplification was validated to be present in 10.2% of 363 primary 
breast cancers by FISH to a tissue microarray and was associated 
with poor prognosis of the patients (P = 0.001). 

Statistical Identification and Characterization of 270 Highly 
Expressed Genes in Amplicons. Statistical comparison of expres- 
sion levels of alt genes as a function of gene amplification identified 
270 genes whose expression was significantly influenced by copy 
number across all 14 cell lines (Fig. 4, Supplemental Fig. B). Accord- 
ing to the gene ontology data, 8 91 of the 270 genes represented 
hypothetical proteins or genes with no functional annotation, whereas 
179 had associated functional information available. Of these, 15 J 
(84%) are implicated in apoptosis, cell proliferation, signal transduc- 
tion, and transcription, whereas 28 (16%) had functional annotations 
that could not be directly linked with cancer. 



DISCUSSION 

The importance of recurrent gene and chromosome copy number 
changes in the development and progression of solid tumors has been 
characterized in >1000 publications applying CGH 9 (9, 10), as well 
as in a large number of other molecular cytogenetic, cytogenetic, and 
molecular genetic studies. The effects of these somatic genetic 
changes on gene expression levels have remained largely unknown, 
although a few studies have explored gene expression changes occur- 
ring in specific amplicons (15, 19-21). Here, we applied genome- 
wide cDNA microarrays to identify transcripts whose expression 
changes were attributable to underlying gene copy number alterations 
in breast cancer. 

The overall impact of copy number on gene expression patterns was 
substantial with the most dramatic effects seen in the case of high- 



* Internet address: http://www.gcneonlology.or#. 



q Internee address: httpyVw^-w. ncbi.nlm.nih.gov/cntrcrjt. 
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level copy number increase. Low-level copy number gains and losses 
also had a significant influence on expression levels of genes in the 
regions affected, but these effects were more subtle on a gene-by-gene 
basis than those of high-level amplifications. However, the impact of 
low-level gains on the dysregulation of gene expression patterns in 
cancer may be equally important if not more important than that of 
high-level amplifications. Aneuploidy and low-level gains and losses 
of chromosomal arms represent the most common types of genetic 
alterations in breast and other cancers and, therefore, have an influ- 
ence on many genes. Our results in breast cancer extend the recent 
studies on the impact of aneuploidy on global gene expression pat- 
terns in yeast cells, acute myeloid leukemia, and a prostate cancer 

model system (22-24). j 

The CGH microarray analysis identified 24 independent breast 
cancer amplicons. We defined the precise boundaries for many am- 
plicons detected previously by chromosomal CGH (9, 10, 25, 26) and 
also discovered novel amplicons that had not been detected previ- 
ously, presumably because of their small size (only 1-2 Mb) or close 
proximity to other larger amplicons. One of these novel amplicons 
involved the bomeobox gene region at i 7q2 1 .3 and led to the over- 
expression of the HOXB7 and HOXB2 genes. The homeodomain 
transcription factors are known to be key regulators of embryonic 
development and have been occasionally reported to undergo aberrant 
expression in cancer (27, 28). HOXB7 transfection induced cell pro- 
liferation in melanoma, breast, and ovarian cancer cells and increased 
turaorigenicity and angiogenesis in breast cancer (29-32). The pres- 
ent results imply that gene amplification may be a prominent mech- 
anism for overexpressing HOXB7 in breast cancer and suggest that 
HOXB7 contributes to tumor progression and confers an aggressive 
disease phenotype in breast cancer. This view is supported by our 
finding of amplification of HOXB7 in 10% of 363 primary breast 
cancers, as well as an association of amplification with poor prognosis 
of the patients. 

We carried out a systematic search to identify genes whose 
expression levels across all 14 cell lines were attributable to 
amplification status. Statistical analysis revealed 270 such genes 
(representing -2% of all genes on the array), including not only 
previously described amplified genes, such as HER-2, MYC, 
EGFR, ribosomal protein s6 kinase, and A/B3, but also numerous 
novel genes such as NRAS-related gene (lpl3), syndecan-2 (8q22), 
and bone morphogenic protein (20ql3.1), whose activation by 
amplification may similarly promote breast cancer progression. 
Most of the 270 genes have not been implicated previously in 
breast cancer development and suggest novel pathogenetic mech- 
anisms. Although we would not expect all of them to be causally 
involved, it is intriguing that 84% of the genes with associated 
functional information were implicated in apoptosis, cell prolifer- 
ation, signal transduction, transcription, or other cellular processes 
that could directly imply a possible role in cancer progression. 
Therefore, a detailed characterization of these genes may provide 
biological insights to breast cancer progression and might lead to 
the development of novel therapeutic strategies. 

In summary, we demonstrate application of cDNA microarrays 
to the analysis of both copy number and expression levels of over 
12,000 transcripts throughout the breast cancer genome, roughly 
once every 267 kb. This analysis provided: (a) evidence of a 
prominent global influence of copy number changes on gene 
expression levels; (b) a high-resolution map of 24 independent 
amplicons in breast cancer; and (c) identification of a set of 270 
genes, the ovcrexpression of which was statistically attributable to 
gene amplification. Characterization of a novel amplicon at 
17q21.3 implicated amplification and overexpression of the 
HOXB7 gene in breast cancer, including a clinical association 
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between HOXB7 amplification and poor patient prognosis. Overall, 
our results illustrate how the identification of genes activated by 
gene amplification provides a powerful approach to highlight 
genes with an important role in cancer as well as to prioritize and 
validate putative targets for therapy development. 
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Microarray analysis reveals a major direct role of 
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Genomic DNA copy number arterations are gwatk «v*nts in 
the development and progression of human cancers, H ^ 
resort a genorne-*ride snkroarray comparative aenomic hytwld- 
Uation (array CGH) analysis of DNA copy number Ration in 
a series of primary human breast tumors. We have profiled DNA 
copy number alteration across 6.691 mapped human sene*.'" ** 
predominantly advanced, primary breast tumors and 1 Mbreart 
cancer cell lines. While the overall patterns of DNA amplification 
and deletion corroborate previous cytogenetic studies, the high- 
resolution (gene-by-gene) mapping of arnpBcon bouncteriw and 
the quantitative analysis of amptkon shape provide significant 
improvement in the localization of candidate oncogenes. ParafW 
microarray measurements of mRNA levels reveal the J*™**™ 
degree to which variation In gene copy number contributes to 
variation in gene expression in tumor «^ *T"^J?J!£ 
that 62% of highly amplified genes show moderately or highly 
elevated expression, that DNA copy number Influences gene ex- 
pression across a wide range of DNA copy number alterations 
{deletion, low-, mid- and high-level amplification), that on average, 
a 2-f old change In DNA copy number Is associated with a corre- 
sponding 1.5-fold change in mRNA levels, and that overall, at least 
12% of all the variation in gene expression among the breast 
tumors is directly attributable to underlying variation In gene copy 
number. These findings provide evidence that wktespread DNA 
copy number alteration can lead directly to global deregulation of 
gene expression, which may contribute to the development or 
progression of cancer. 

Conventional cytogenetic techniques, including comparative 
genomic hybridization (CGH) (1). have led to the identifi- 
cation of a number of recurrent regions of DNA »py number 
alteration in breast cancer cell lines and tumors (2-4). While 
some of these region ccmtair, 

[e.|u FGFR1 (8pll), MYC (8q24), CCND1 (llql3), ERBB2 
(17012), and ZNF217 (20ql3)] and tumor suppressor genes 
[RBI (13ql4) and TP53 (17pl3)J. the relevant gene(s) wrtlun 
other regions (eg., gain of lq. 8q22, and 17q22-24. and lew of 
8p) remlin to te identified. A high-resolution genome^ide 
map, delineating the boundaries of DNA- copy number alter- 
ations m tumors, should facilitate the localization and identifi- 
cation of oncogenes and tumor suppressor genes in breast 
cancer. In this study, we have created such a map, using 
array-based CGH (5-7) to profile DNA copy number alteration 
in a series of breast cancer cell lines and primary tumors. 

An unresolved question is the extent to which the widespread 
DNA copy number changes that we and others have identtBed 
in breast tumors alter expression of genes within mvofved 
regions. Because we had measured mRNA levels in parallel in 
the same samples (8), using the same DNA microarrays. we had 
an opportunity to explore on a genomic scale the relationship 
between DNA copy number changes and gene expression. From 
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this analysis, we have identified a significant impact of wide- 
spread DNA copy number alteration on the transcriptional 
programs erf breast tumors. . : 



„ and Methods 

Tumors and CeO Unas. Primary breast turn^ were r^doir^tJIy 
large (>3 cm), intermediate-grade, infiltrating ductal carano- 
m X with more than 50% being lymph "ode posrtrve. The 
fraction of tumor cells within specimens averaged at least 50%. 
Details of individual tumors have been published (8, 9), and 
are summarized in Table 1. which is published as supporting 
information on the PNAS web site, v^.pnas^rg. Breast cancer 
cell lines were obtained from the American Type Culture 
Collection. Genomic DNA was isolated either using Qiagen 
genomic DNA columns, or by phenol/chloroform. extraction 
followed by ethanol precipitation. 

DNA labeling and Microarray Hybridizations. Genomic DNA label- 
inc and hybridizations were performed essentia^ as described 
in Pollack ef at (7), with slight modifications. Two rmaogr^ 
of DNA was labeled in a total volume of SOinicroliters and the 
volumes of all reagents were adjusted accordingly. Tal DNA 
(from tumors and cell lines) was f luorescently labeted (CyS) and 
hybridized to a human cDNA microarray containing 6;691 
different mapped human genes (i.e, UniGene dusters). The 
"reference" (labeled with Cy3) for each hybridation was nor- 
mal female leukocyte DNA from a single donor. T^ ftmncaUon 
of cDNA microarrays and the labeling and hybridization of 
mRNA samples have been described (8). 

Data Analysis and Map Positions. Hybridized arravs^re sc^ed 
on a GenePix scanner (Axon Instruments, Foster City, CA), and 
florescence ratios (test/reference) calculated using scan Ai.va 
software (available at http://rana.lW.gov); Huorescence rat es 
^normalized for each array by setting the average log 
fluorescence ratio for all array elements fflualto 0. ****** 
ments with fluorescence intensities more than 20% above back- 
ground were considered reliable, DNA copy number profiles 
that deviated significantly from background ratios measured m 
normal genomic DNA control hybridizations were interpreted as 
evidence of real DNA copy number alteration (see Estimating 
Significance of Altered Fluorescence Ratios in the supporting 
information). When indicated, DNA copy nunibw profiles are 
displayed as a moving average (symmetric 5-nearest neighbors) 
Map positions for arrayed human cDNAs were assigned by 
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identifying the starting position of the best and long^ inatch rf 
anvDNA sequence represented in the corresponding UmGene 
ttC» Mainst the "Golden Path" genome assembly 
ffi/gS^SW Oct 7, 2000 Freeze) For UniGene 
cSe« represented by multiple arrayed elements, mean fluo- 
rescence ratios (for all elements representing the sam= UmOftne 
cUuttrt are reported. For mRNA measurements, fluorescence 
ratio! are^nXcentercd" (i.e., reported relative to Ae mean 
Stio across the 44 tumor samples). The data set described here 
can bTaccessed in its entirety in the supporting .nformafon. 

wToerformed COH on 44 predominantly locally advanced, 
prtaSrfSt tumors and 10 breast cancer cell lines, usmg 
cDNAmicroarravs containing 6,691 different mapped human 
«en« (Ffela; also sec Materials and Methods for details of 
SSt- irybrid&ations). To takefulJ advantage of thc^- 
prSed spatial resolution of array CGH, we ordered (fluorev 
See ratios for) the 6,691 cDNAs accordmg 
Part" (http://genome.ucsc.edu/) genome assembly of*e draft 
San geiome sequences (11). In so doing, ^^Tl 
onlv themselves represent genes of potential interest (e.g.. 
Sdate oncogenes within amplicons), but also provide precise 
gtnSaXarks for chromosomal regions of amplrftouon and 
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deletion. ^"Ji^K S^dKSS 
different numbers of X chromosomes (rig. ">J» M ™*~ v"? 
(7), demonstrated the sensitivity of oiir method totetetfangle- 
copy toss (45, XO), and IS- (47.XXX) M^O^ " 
^oW(49.XXXXX) gains (also see Fig. 5, which is published 
^^Z^^^^?HAS web site). Fta£«»» 
ratios were Unearry proportional to copy number ratios, which 
were slightly underestimated, in agreementwith pwj-^ 
servations (7). Numerous DNA copy number alterations were 
SSent to both the breast cancer cell lines and primary tumors 
SffXd eterted m the tumors despite the r*e*eocetf euploid 
ionttumor cell types; the magnitudes of the ob^changes 
were generally tower in the tumor samples. DNA copy-numOer 
Sto« were found in every cancer c*U line 
on every human chromosome in at least one sample. Recurrent 
regions of DNA copy number gain and toss were reader iden- 
tifiable. For example, gains within lq. 8q, 17q, andjiOq were 
observed in a high proportion of breast cancer ceD toes/tumors 

hr), as were losses within lp, 3p, 8p, and 13q (80%/24%, 
80%/22%, 80%/22%, and 70%/18%, respectively), extent 
witii published cytogenetic studies (refs. 2-4; a complete , sung 
oi 'nfaS osses fapTovided in Tables 2 and 3. which arepublished 
a, [^^information on the PNAS web site). The total 
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number of genomic alterations (gains and losses) was found to 
be significantly higher in breast tumors that were high grade (P « 
0.008), consistent with published CGH data (3), estrogen recep- 
tor negative (P » 0.04), and harboring TP53 mutations {P = 
0.0006) (see Table 4 f - which is published as supporting informa- 
tion on the PNAS web ate). ^ . . 

The improved spatial resolution of our array CGH analysis is 
illustrated for chromosome 8, which displayed extensive DNA 
copy number alteration in our series. A detailed view of the 
variation in the copy number of 241 genes mapping to chromo- 
some 8 revealed multiple regions of recurrent amplification; 
each of these potentially harbors a different known or previously 
uncharacterized oncogene (Fig. 2a). The complexity of amphcon 
structure is most easily appreciated in the breast cancer cell line 
SKBR3. Although a conventional CGH analysis of 8q in SKBR3 
identified only two distinct regions of amplification (12), we 
observed three distinct regions of high-level amplification (la- 
beled 1-3 in Fig. 26). For each of these regions we can define the 
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boundaries of the interval recurrently amplified in the tumors we 
examined; in each case, known or plausible candidate oncogenes 
can be identified (a description of these regions, as well as the 
recurrently amplified regions on chromosomes 17 and 20, can be 
found in Figs. 6 and 7, which are published as supporting 
information on the PNAS web site). _ iA A m 

For a subset of breast cancer cell lines and tumors (4 and 37, 
respectively); and a subset of arrayed genes^ (6,095), mRNA 
levels were quantitatively measured m parallel by using cDNA 
microarrays (8). The parallel assessment of mRNA levels is 
useful in the interpretation of DNA copy number chants. For 
example, the highly amplified genes that are also highly ex- 
pressed are the strongest candidate oncogenes within anamplh 
con. Perhaps more significantly, our parallel analysis of DNA 
copy number changes and mRNA levels provides us the oppor- 
tunity to assess the global impact of widespread DNA copy 
number alteration on gene expression in tumor cells. 

A strong influence of DNA copy number on gene expression 
is evident in an examination of the pseudocolor representations 
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of DNA copy number and mRNA levels for genes on chromo- 
some 17 (Fig. 3). The overall patterns of gene amplification and 
elevated gene expression are quite concordant; Le., a significant 
fraction of highly amplified genes appear to be corrcsponduigy 
highly expressed. The concordance between high-level amplifi- 
cation and increased gene expression is not restricted to chro- 
mosome 17. Genome-wide, of 117 high-level DNA amplifica- 
tions (fluorescence ratios >4, and representing 91 different 
genes), 62% (representing 54 different genes; see Table 5 f which 
is published as supporting information on the FN AS web site) 
are found associated with at least moderately elevated mRNA 
levels (mean-centered fluorescence ratios >2), and 42% (rep- 
resenting 36 different genes) are found associated with compa- 
rably highly elevated mRNA levels (mean-centered fluorescence 
ratios >4). 

To determine the extent to which DNA deletion and lower- 
level amplification (in addition to high-level amplification) are 
also associated with corresponding alterations in mRNA levels, 
we performed three separate analyses on the complete data set 
(4 cell lines and 37 tumors, across 6,095 genes). First, we 
determined the average mRNA levels for each of five classes 
of genes, representing DNA deletion, no change, and low-, 
medium-, and high-level amplification (Fig. 4a). For both the 
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breast cancer cell lines and tumors, average mRNA levels 
tracked with DNA copy number across all five "\, a 
statistically significant fashion {P values for SUjdent s 

f tests comparing acMacent classes: cell lines, 4 X 10^, 1 x 10 
5 x 10- 3 . 1 x 10-*; tumors, 1 x lfJ-« 1 x 1 * 10 • 
1 X lOT 4 ). A linear regression of the average k>g(DNA copy 
number), for each class, against average k)g(mWSA fcvel) 
demonstrated that on average, a Mold change m DNA copy 
number was accompanied by 1.4- and 1 .5-fold changes in mRNA 
level for the breast cancer cell lines and tumors, respectively (rig. 
4a regression line not shown). Second, we characterized the 
distribution of the 6.095 correlations between DNA copy num- 
ber and mRNA level, each across the 37 tumor samples (Fig. 4o). 
The distribution of correlations forms a nonnal^haped curve, 
but with the peak markedly shifted in the positive direction from 
zero. This shift is statistically significant, as evinced in a plot 
of observed vs. expected correlations (Fig. 4c), and reflects a 
pervasive global influence of DNA copy number alterations on 
iene expression. Notably, the highest correlationsbet^^DNA 
iopy number and mRNA level (the right tail of the distribution 
in Fig. 46) comprise both amplified and deleted genes (data not 
shown). Third, we used a linear regression model to estimate the 
fraction of all variation measured in mRNA levels among the 37 

Pollack etai. 





ru A CnamMMM* influence of DNA copy number »Iwratloi» on roRHA lw«h. (») For breast oncer cell One* <flray> and tumor <W*M- 

to Underlying DNA Copy Number Attention). 



tumors that could be attributed to underlying variation in DNA 
copy number. From this analysis, we estimate that, overall, about 
7% of all of the observed variation in mRNA levels can be 
explained directly by variation in copy number of the altered 
genes (Fig. 4*0. We can reduce the effects of experimental 
measurement error on this estimate by using only that fraction 
of the data most reliably measured (fluorescence intensity/ 
background >3); using that data, our estimate of the percent 
variation in mRNA levels directly attributed to variation in gene 
copy number increases to 12% (Fig. This still undoubtedly 
represents a significant underestimate, as the observed variation 
in global gene expression is affected not only by true variation in 
the expression programs of the tumor cells themselves, but also 
by the variable presence of non-tumor cell types within clinical 
samples. 

Discussion 

This genome-wide, array CGH analysis of DNA copy number 
alteration in a scries of human breast tumors demonstrates the 
usefulness of defining amplicon boundaries at high resolution 
(gene-by-gene), and quantitatively measuring amplicon shape, to 
assist in locating and identifying candidate oncogenes. By ana- 
lyzing mRNA levels in parallel, we have also discovered that 
changes in DNA copy number have a large, pervasive, direct 
effect on global gene expression patterns in both breast cancer 
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cell lines and tumors. Although the DNA microarrays used in our 
analysis may display a bias toward characterized and/or highly 
expressed genes, because we are examining such a large fraction 
of the genome (approximately 20% of all human genes), and 
because, as detailed above, we arc likely underestimating the 
contribution of DNA copy number changes to altered gene 
expression, we believe our findings are likely to be generalizable 
(but would nevertheless still be remarkable if only applicable to 
this set of -6,100 genes). 

In budding yeast, aneuploidy has been shown to result in 
chromosome-wide gene expression biases (13). Two recent 
studies have begun to examine the global relationship between 
DNA copy number and gene expression in cancer celb. In 
agreement with our findings, Phillips et aL (14) have shown that 
with the acquisition of tumorigentcity in an immortalized pros- 
tate epithelial cell line, new chroinpsomal gains and losses 
resulted in a statistically significant respective increase and 
decrease in the average expression level of involved genes. In 
contrast, Platter er aL (15) recently reported that in metastatic 
colon tumors only -4% of genes within amplified regions were 
found more highly (>2»fbld) expressed, when compared with 
normal colonic epithelium. This report differs substantially from 
our flnding that 62% of highly amplified genes in breast cancer 
exhibit at least 2-fbJd increased expression. These contrasting 
findings may reflect methodological differences between the 
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studies. For example, the study of Platzer et al. (15) may have 
systematically under-measured gene expression changes. In this 
regard it is remarkable that only 14 transcripts of many thousand 
residing within unamplified chromosomal regions were found to 
exhibit at least 4-fold altered expression in metastatic colon 
cancer. Additionally* their reliance on lower-resolution chromo- 
somal CGH may have resulted in poorly delimiting the bound- 
aries of high-complexity ampltcons, effectively overcallmg re- 
gions with amplification. Alternatively, the contrasting findings 
for amplified genes may represent real biological differences 
between breast and metastatic colon tumors; resolution of this 
issue will require further studies. 

Our finding that widespread DNA copy number alteration has 
a large* pervasive and direct effect on global gene expression 
patterns in breast cancer has several important implications. 
First, this finding supports a high degree of copy number- 
dependent gene expression in tumors. Second, it suggests that 
most genes are not subject to specific autoregulation or dosage 
compensation. Third, this finding cautions that elevated expres- 
sion of an amplified gene cannot alone be considered strong 
independent evidence of a candidate oncogene's role in tumor- 
igenesis. In our study, fully 62% of highly amplified genes 
demonstrated moderately or highly elevated expression. This 
highlights the importance of high-resolution mapping of ampli- 
con boundaries and shape [to identify the "driving" gene(s) 
within amplicons (16)], on a large number of samples, in addition 
to functional studies. Fourth, this finding suggests that analyzing 
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the genomic distribution of expressed genes, even within existing 
microarray gene expression data sets, may permit the inference 
of DNA copy number aberration, particularly aneuploidy (where 
gene expression can be averaged across large chromosomal 
regions; see Fig. 3 and supporting information). Fifth, this 
finding implies that a substantial portion of the phenotypic 
uniqueness (and, by extension, the heterogeneity in clinical 
behavior) among patients* tumors may be traceable to underly- 
ing variation in DNA copy number. Sixth, tins finding supports 
a possible role for widespread DNA copy number alteration in 
tumorigenesis (17, 18), beyond the amplificaticui of specific 
oncogenes and deletion of specific tumor suppressor genes. 
Widespread DNA copy number alteration, and the concomitant 
widespread imbalance in gene expression, might disrupt critical 
stochioroetric relationships in cell metabolism and physiology 
(e.g., proteosome, mitotic spindle), possibly promoting further 
chromosomal instability arid directly contributing to tumor 
development or progression. Finally, our findings suggest the 
possibility of cancer therapies that exploit specific or global 
imbalances in gene expression ineasseerv- 
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Each year, over 182,000 women in the United States are 
diagnosed with breast cancer, and approximately 45,000 die 
of the disease. 1 Incidence appears to be increasing in the 
United States at a rate of roughly 2% per year. The reasons 
for the increase are unclear, but non-genetic risk factors appear 
to play a large role. 2 

Five-year survival rates range from approximately 65%- 
85%, depending on demographic group, with a significant 
percentage of women experiencing recurrence of their cancer 
within 10 years of diagnosis. One of the factors most predic- 
tive for recurrence once a diagnosis of breast cancer has been 
made is the number of axillary lymph nodes to which tumor 
has metastasized. Most node-positive women are given adju- 
vant therapy, which increases their survival. However, 20%- 
30% of patients without axillary node involvement also 
develop recurrent disease, and the difficulty lies in how to iden- 
tify this high-risk subset of patients. These patients could 
benefit from increased surveillance, early intervention, and 
treatment. 

Prognostic markers currently used in breast cancer recur- 
rence prediction include tumor size, histological grade, steroid 
hormone receptor status, DNA ploidy, proliferative index, and 
cathepsin D status. Expression of growth factor receptors and 
over-expression of the HER-2/neu oncogene have also been 
identified as having value regarding treatment regimen and 
prognosis. 

HER-2/neu (also known as c-erbB2) is an oncogene that 
encodes a transmembrane glycoprotein that is homologous 
to, but distinct from, the epidermal growth factor receptor. 
Numerous studies have indicated that high levels of expres- 
sion of this protein are associated with rapid tumor growth, 
certain forms of therapy resistance, and shorter disease-free 
survival. The gene has been shown to be amplified and/or 
overexpressed in 1 0%-30% of invasive breast cancers and in 
40%-60% of intraductal breast carcinoma. 3 

There are two distinct FDA-approved methods by which 
HER-2/neu status can be evaluated: immunphistochemistry 
(1HC, HercepTest™) and FISH (fluorescent in situ hybridiza- 
tion, PathVysion™ Kit). Both methods can be performed on 
archived and current specimens. The first method allows visual 
assessment of the amount of HER-2/neu protein present on 
the cell membrane. The latter method allows direct quantifi- 
cation of the level of gene amplification present in the tumor, 
enabling differentiation between low- versus high-amplifica- 
tidn. At least one study has demonstrated a difference in 



recurrence risk in women younger than 40 years of age for 
low- versus high-amplified tumors (54.5% compared to 
85.7%); this is compared to a recurrence rate of 16.7% for 
patients with no HER-2/neu gene amplification. 4 HER-2/neu 
status may be particularly important to establish in women with 
small (^ 1 cm) tumor size. 

The choice of methodology for determination of HER-2/ 
neu status depends in part on the clinical setting. FDA approval 
for the Vysis FISH test was granted based on clinical trials 
involving 1549 node-positive patients. Patients received one 
of three different treatments consisting of different doses of 
cyclophosphamide, Adfiamycin, and 5-fluorouracil (CAF). 
The study showed that patients with amplified HER-2/neu 
benefited from treatment with higher doses of adriamycin- 
based therapy, while those with normal HER-2/neu levels did 
not. The study therefore identified a sub-set of women, who 
because they did not benefit from more aggressive treatment, 
did not need to be exposed to the associated side effects. In 
addition, other evidence indicates that HER-2/neu amplifica- 
tion in node-negative patients can be used as an independent 
prognostic indicator for early recurrence, recurrent disease at 
any time and disease-related death. 5 Demonstration of HER- 
2/neu gene amplification by FISH has also been shown to be 
of value in predicting response to chemotherapy in stage-2 
breast cancer patients. 

Selection of patients for Herceptin c (Trastuzumab) mono- 
clonal antibody therapy, however, is based upon demonstra- 
tion of HER-2/neu protein overexpression using HercepTest™. 
Studies using Herceptin° in patients with metastatic breast 
cancer show an increase in time to disease progression, 
increased response rate to chemotherapeutic agents and a small 
increase in overall survival rate. The FISH assays have not yet 
been approved for this purpose, and studies looking at response 
to Herceptin 0 in patients with or without gene amplification 
status determined by FISH are in progress. 

In general, FISH and IHC results correlate well. However, 
subsets of tumors are found which show discordant results; 
i.e., protein overexpression without gene amplification or lack 
of protein overexpression with gene amplification. The clini- 
cal significance of such results is unclear. Based on the above 
considerations, HER-2/neu testing at SHMC/PAML will uti- 
lize immunohistochemistry (HercepTest 0 ) as a screen, fol- 
lowed by FISH in IHC-negative cases. Alternatively, either 
method may be ordered individually depending on the clini- 
cal setting or clinician preference. 
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CPT code information 

HER-2/neu via IHC 
88342 (including interpretive report) 

HER-2/neu via FISH 

88271 *2 Molecular cytogenetics, DNA probe, each 
88274 Molecular cytogenetics, interphase in situ hybrid- 
ization, analyze 25-99 cells 
8829 1 Cytogenetics and molecular cytogenetics, interpre- 
tation and report 

Procedural Information 

Immunohistochemistry is performed using the FDA-approved 
DAKO antibody kit, Herceptest* The DAKO kit contains 
reagents required to complete a two-step immunohisto- 
chemical staining procedure for.routinely processed, paraffin- 
embedded specimens. Following incubation with the primary 
rabbit antibody to human HER-2/neu protein, the kit employs 
a ready-to-use dextran-based visualization reagent. This re- 
agent consists of both secondary goat anti-rabbit antibody 
molecules with horseradish peroxidase molecules linked to a 
common dextran polymer backbone, thus eliminating the need 
for sequential application of link antibody and peroxidase 
conjugated antibody. Enzymatic conversion ef the subse- 
quently added chromogen results in formation of visible 
reaction product at the antigen site, the specimen is then coun- 
terstained; a pathologist using light-microscopy interprets 
results. 

FISH analysis at SHMC/PAML is performed using the 
FDA-approved PathVysion™ HER-2/neu DNA probe kit, pro- 
duced by Vysis, Inc. Formalin fixed, paraffin-embedded breast 
tissue is processed using routine histological methods, and then 
slides are treated to allow hybridization of DNA probes to the 
nuclei present in the tissue section. The Pathvysion™ kit con- 
tains two direct-labeled DNA probes, one specific for the 
alphoid repetitive DNA (CEP 1 7, spectrum orange) present at 
the chromosome 17 centromere and the second for the HER- 
2/neu oncogene located at 1 7q 1 1 .2- 1 2 (spectrum green). Enu- 
meration of the probes allows a ratio of the number of copies 
of chromosome 17 to the number of copies of HER-2/neu to 
be obtained; this enables quantification of low versus high 
amplification levels, and allows an estimate of the percentage 
of cells with HER-2/neu gene amplification. The clinically 
relevant distinction is whether the gene amplification is due 
to increased gene copy number on the two chromosome 17 
homologues normally present or an increase in the number of 
chromosome 1 7s in the cells. In the majority of cases, ratio 
equivalents less than 2.0 are indicative of a normal/negative 
result, ratios of 2.1 and over indicate thai amplification is 
present and to what degree. Interpretation of this data will be 
performed and reported from the Vysis-certified Cytogenet- 
ics laboratory at SHMC. 
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ABSTRACT The consistent cytogenetic translocation .of 
chronic myelogenous leukemia (the Philadelphia chromosome, 
Ph 1 ) has been observed In cells of multiple hematopoietic 
lineages. This translocation creates a chimeric gene composed 
of breakpolnl-ciqsler-regton (bcr) sequences from chromosome 
22 fused to a portion of tj*e abt oncogene op chromosome 9, The 
resulting gene product (P2X0 c - abl ) resembles the transforming 
protein of the Abelson murine leukemia virus In Its structure 
and tyrosine kinase activity, P2W M Is expressed in Ph r - 
positive cell lines of myeloid lineage and In clinical specimens 
with, myeloid predominance. We show here that Epsteln-Barr 
virus-transformed B -lymphocyte lines that retain Ph can 
express P210 c * w . The level of expression in these B-cell lines Is 
generally lower and more variable lhan that observed for 
myeloid lines. Protein expression Is not related to amplification 
of the abl gene but to variation In the level of bcr-abl mRNA 
produced from a single Ph 1 template. 

Chronic myelogenous leukemia (CML) is a disease of the 
pluripotent stem cell (1). In greater than 95% of patients, the 
leukemic cells contain the cytogenetic marker known as the 
Philadelphia chromosome, or Ph 1 (2). This reciprocal 
translocation event between the long arms of chromosomes 
9 arid 22 has been used as a disease-specific marker for 
diagnosis and evaluation of therapy. Multiple hematopoietic 
lineages, including myeloid and B-lymphoid t contain Ph in 
early or chronic phase, as well as in the more acute accel- 
erated and blast crisis phases of the disease. ; . . . 

One molecular consequence of Ph 1 is the translocation or 
the chromosomal arm containing the c-abl gene on chromo- 
some 9 into the middle of the breakpoint-cluster region (bcr) 
gene on chromosome 22 (3-6). Although the precise 
translocation breakpoints are variable, an RNA-spUcing 
mechanism generates a very similar 8-kiIobase (kb) mRNA to 
each case (5-9). The hybrid bcr-abl message encodes a 
structurally altered form of the abl oncogene product, called 
P2l6 c ** w (10-13), with an anuno-terininal segment derived 
from a portion of the exons of bcr on chromosome 22 and a 
carboxyl-terminal segment derived from a major portion of 
the exohs of the c-abl gene on chromosome 9. The chimeric 
structure of bcr-abl and the resulting KIO^ 1 is similar to the 
structure of the Abelson murine leukemia virus gag-abl 
genome and resulting IW*" transforming gene product. 
Both proteins have very similar tyrosine kinase activities (10, 
11, 14) which can be distinguished by their relative stability 
to denaturing detergents and by their ATP requirements from 
the recently described tyrosine kinase activity of the s-abl 
gene product (15). 
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In concert with structural : modification of the amino- 
terminal portion of the abl gene, increased level of expression 
has been implicated in activation of c-abl oncogenic poten- 
tial. Myeloid and erythroid ceil lines and Clinical samples 
derived from acute-phase CML patients contain about 10- 
fold higher levels of the 8-kb bcr-abl mRNA and mo 0 * 1 * than 
the c-a W mRNA forms (6 and 7 kb) and Pl45 c ' lbl gene product 
(5, 8, 9, li) f The higher level of expression of the chimeric 
bcr-abl message in acute-phase cells is not likely to be solely 
due to the presence of the bcr promoter sequences at the 5' 
end of the gene, since the normal 4,5-kb and 6.7-lcb bcr* 
encoded mRNA species are expressed at an even lower level 
than the normal c-abl messages (5, 6). 
. We have analyzed a series of £pstein-Barr virus-immor- 
talized B4ymphoid cell lines derived from CML patients (16). 
With such in vitro clonal cell lines, we can evaluate whether 
the presence of frh 1 always results in synthesis of the chimeric 
bcr-abl message and protein, and whether the quantitative 
expression varies for cells of B-lymphoid lineage as com- 
pared to previously examined myeloid cell lines. Our results 
show that cell lines that retain Ph 1 do express bcr-abl message 
and protein, but that the level is generally lower and more 
variable than previously seen for myeloid cell lines. The 
demonstration that the Ph 1 chromosomal template can vary 
in its level of expression of P^IO***^ suggests that secondary 
mechanisms, beyond the translocation itself, contribute to 
the regulation of the bcr*obl gene in different cell types or 
subclones that derive from the affected stem cell. 

MATERIALS AND METHODS 

Cells and Cell Labelings. Epstein-Barr virus-transformed 
B-lymphoid cell lines were established from peripheral blood 
samples of chronic- and acute-phase CML patients as report* 
ed (16). The cell lines are designated according to patient 
number, karyotype, and lineage. For example, SK- 
CML7Bt(9,22)-33 refers to CML patient 7, B-)ymphoid ceU 
line, 9:22 translocation (Ph 1 ), cell line 33; and SK-CML7BN- 
2 refers to B-cell line 2 with a normal karyotype derived from 
the same patient. Repeat karyotype analysis was performed 
to verify the retention of Ph 1 just prior to analysis for abl 
protein and RNA. Cells were maintained in RPMI .1640 
medium with 20% fetal bovine serum. We have not observed 
any consistent pattern of In vitro growth rate that correlates 
to the stage of disease at the time of transformation with 
Epstein-Barr virus. Cells (1.5 x 10 7 ) were washed twice with 
Dulbecco*s modified Eagle's medium lacking phosphate and 

Abbreviations: bcr, breakpoint*cluster region; CML, chronic 
myelogenous. leukemia; kb, kllobase(s). 

^Present address: Department of Genetics, University of Washing- 
ton, Seattle, WA 98195. 
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supplemented with 5% dialyzed fetal bovine serum. Cells 
were then resuspended in 2 ml of the rmmmal m edmm. 
Labeling was started with the addition of l^ortjiophos. 
phate (1 mCi/ml; ICN ; 1 Ci ~ 37 GBq) and continued at 37 C 

for 3-4 hr, , 
Iromunoprecipltation and ImrounoWottmg. Jmmunoprecip; 

Rations were carried out as described (10). Ceils (1.5 x \v ) 
were washed with phosphate-buffered ^saline .fn^ extwted 
with 3-5 ml of phosphate lysis buffer (1% TrUon X : 100/0.1 
NaDodSO 4 /0.5% deoxycholate/10 mM Na 2 HP0 4 , P« 7.5/ 
100 mM NaCl) with 5 mM EDTA and 5 mM phenylmethyl- 
sulfonyl fluoride. Extracts were clarified by centafugatic-n 
and precipitated with normal or rabbit anU-abl sera (anti- 
pEX-2 or anti-pEX-5) (17). The precipitated proteins were 
electrophoresed in a NaDodSO,/8% polyacrylamide gel. 
"P-labeled proteins were detected by autoradiography. 
Alternatively t abl proteins were detected by immunoblotting. 
Extracts from unlabeled ceils were clarified, and proteins 
were concentrated by immunoprecipitation with rabbit anti- 
sera against aW-encoded proteins [anti-pEX-2 and anti-pEX- 
5 combined (17)] and then fractionated in 8% acrylarrode gels. 
The proteins were transferred from the gel to nitrocellulose 
filters, using protease-facUitated transfer (18). The abh 
encoded proteins were detected using murine monoclonal 
antibodies as a probe and peroxidase-conjugated goat anti- 
mouse second stage antibody (Bio-Rad) for development. 
Rabbit antisera and mouse monoclonal antibodies to abi 
proteins were prepared using bactcrially expressed regions of 
the v-aW protein as immunogens (17, 19). Anti-pEX-2 anti- 
bodies react with the internal tyrosine kinase domain and 
anti-pEX-5 antibodies react with the carboxyl-terminal seg- 
ment of the abl proteins. 

RNA Analysis. RNA was extracted from 10 B cells by the 
NaDodS0 4 /urea/phenol method (20). Polyadenylylated 
RNA was purified by oligo(dT) affinity chromatography, 
Samples were electrophoresed in a \% agarose/formalde- 
hyde gel and transferred to nitrocellulose, abl RNA species 
were detected by hybridization with a nick-translated v-abl 

fragment probe (21). . 

DNA Analysis. DNA was prepared from 5 x 10 7 cells of 
each cell line and processed for Southern blots with a v^oW 
probe as described (21). 

* * 

RESULTS 

Variable Levels of ?2lQ t "" Are Detected In Ph'-Posittve Cell 
Unes. Ph^positive and Ph'-negauve, Epstein-Barr virus- 
transformed B-iymphocyte cell lines derived from the same 
patient were examined for P210 e ^ 1 synthesis by immuno- 
precipitation of ["PJorthophosphate-Ubeied cell extents 
with anti-abl sera (Fig. 1). The normal c-abl protein P145 0 * » 
was detected at a similar level in multiple Prepositive and 
Ph l *negative ceil lines. P210 e * w was only detected in the 
Prepositive cell lines because the bcr-abl chimeric gene 
which encodes P210 c -* bl resides on the Ph l (4/5, 11, 13). The 
level of nW** 1 was about 4- to 5-fold higher than the level 
of P145** bl in the SK-CML7Bt-33 cell line (Fig. 1A, +). The 
Prepositive erythroid-progenitor ceU line K562 (C) showed 
a level of PZlir™ about 10-fold higher than P145 c - ,w . 
However, the level of P210 CHlW was about one-fifth that of 
p 145 c*bi in lhc p^-positive SK-CML16BM ceU line (Fig. IB, 
+). Comparison of different autoradiographic exposures 
roughly indicated that the level of P210 c * a varies over a 
20-fold range between these Ph l -positive B-ceil lines. Anal- 
ysis of four additional Ph l -positive B-cell lines demonstrated 
that the level of P210 c -* bl fell into two general classes; some 
cell lines had a level of P210 c '* bl similar to SK-CML7Bt-33 
and others had the low level similartoSK-CML16Bt-l (Table 
1). This differs from previous studies with Ph l -po$itive 
myeloid cell lines and patient samples derived from acute- 
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Fio. 1. Defection of variable levels of P210°* w in Ph l -posiUve 
B-cell lines. Production of P145** M and P210 c * w In Epstein-Barr 
virusuransformed B-cell lines derived from a blast-crisis {A) and a 
chronic-phase (B) CML patient was examined by metabolic labeling 
with ["Pjortbophosphate and immunoprecipitation. Ph'-ncgauve 
(-) and Ph l -positive (+) cell lines derived from each paUent were 
analyzed. The Ph'-negative ceU line in A,- is SK-CMUBN-2 and in 
B t - is SK-CMU6BN-1. The Ftf-positive cell line in A,+ is 
SK-CML7BI-33 and in U SK-CML16BI-1. The K562 cell line, a 
Ptf-positivc erythroid progenitor cell line spontaneously derived 
from a blast-crisis patient (33), is represented in C. Cells (1.5 x 10 7 ) 
were metabolically labeled with 2 mCi of P'Ploruippbosphatefor 3-4 
hr and then were extracted and clarified by centrifugation. Samples 
were immunoprecipitated with control normal serum Oanes 1), 
anti-pEX-2 Oanes 2), or anti-pEX-5 Canes 3) and analyzed by 
NaDodS0 4 /8#> PAGE followed by autoradiography with an inten- 
sifying screen (3 days for A and C, 10 days for B). 

phase CML patients, in which P210 c * w was detected at a 
10-fold higher level than P145 c - tbl (refs. 10 and 11; Table 1). 
There was no large difference in level of chimeric mRNA and 
P2H)c-«bi expressed in four myeloid/erythroid-Hneage Ph - 
positive cell lines (K562 f EM2, EM3, C*IL22, and BV173; 
refs. 9 and 11). despite a 4- to 5-fold amplification of 
aM-related sequences in the K562 cell line. 

Detection of different levels of P210 c -' bl in Fig. 1 could be 
due to decreased phosphorylation of PttO 0 -*", a lower level 
of P21(r >lbl synthesis, or altered stability of the protein. To 
help distinguish among these possibilities, the steady-state 
level of P210 C ** M in the cell lines was assayed by immuno- 
blotting. The results show that SK-CML7Bt?33 (Fig. 2A, +) 
had a higher level of P210 Mbl than P145, similar to the results 
with metabolic labeling (Fig. 1). We did not detect P210 c * w 
by immunoblotting with 2 x 10 7 cells of line SK-CML8Bt-3 
(Fig. 2B, +). Reconstruction experiments using dilutions of 
cell extracts showed that we could detect about 5-10% the 
level of P210 Mbl expressed in the K562 cell line (data not 
shown). We infer that the steady-state level of P210 c ** w in 
SK-CML8Bt-3 is lower than the level in SK-CML7Bt-33 by 
a factor of at least 10. The level of P210** b1 detected in these 
assays correlated with the amount of P210 c ' abi tyrosine kinase 
activity that could be detected in vitrp (data not shown). 

Different Levels of P210^* w Are Reflected In the Amount of 
Stable bcr-abl mRNA. To identify the basis for detection of 
variable levels of P210 c -* bI , we examined the production of 
the abl RNA. RNA blot hybridization analysis using a v-cW 
probe (Fig. .3) showed that the normal 6- and 7-kb c-abl 
mRNAs were present at a similar level in Ph l -positive and 
-negative cell lines derived from different patients. However, 
the 8-kb mRNA that encodes P210 c - tW was detected at a 
10-fold higher level in SlC-CML7Bt-33 (Fig. 3A, +) than in 
SK-CML16BM (£, +), which correlated with the relative 
level of P210 fr * bi detected in each cell line. Analysis of 
additional cell lines demonstrated that the level of 8-kb RNA 
directly correlated with the level of P210 l ~ bl (Table 1). The 
variation in level of 8-kb RNA detected in these cell lines was 
not due to loss or gain of Ph 1 , because cytogenetic analysis 
confirmed the presence of Ph 1 in these cell lines (ref. 16 and 
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Table 1. Relative levels of bcr-abl expression in Epsteinr-Barr 
virus-immortalized B-cell lines and myeloid CML lines 
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B 



g-kb 



Cell line* 


CML phase* 


cult 


r&LV* 




SK-CML7BN-2 


BC 








SK-CML8BN-10 


Chronic . 








SK-CMUBN-12 


Chronic 








SK-CML16BN-1 


Chronic 








SK-CML35BN-1 


Chronic 








SK-CML7B5-33 


BC 


+ 


+ + + 


+ + + 


SK-CML21Bt-l 


Acc 


+ 


+ + + 


+ + + 


SK-CMUlBt-6 


Acc 


+ 


+ + * 


+ + + 


SK-CMUBt-3 


Chronic 


+ 


+ 


± " 


SK-CML16BM 


Chronic 


+ 


+ 


+ 


SK-CML35Bt-2 


Chronic 


+ 


■ + 




K562 


BC 


+ 


+ + + + + 


+ + + + + 


BV173 


BC 




+ ++ + + 


+++ + + 


EM2 


. BC 


+ 


+ + + + + 


+ + + + + 



•Cell lines derived from CML patients. by .transformation with 
Epstein-Barr virus as described (16). Names of cell lines indicate 
patient number and Ph l status: SK-CML7Bt indicates a cell line 
derived from patient 7 that carries the 9^2 Ph 1 translocation; N 
indicates a normal karyotype, Mydoid-erythroid cell hnes (K56Z, 

• EM2, and BV173) are described in previous publications (9, U, 22. 
33) 

tStatus of patient at the time cell line was derived. BC, blast crisis; 
Acc, accelerated phase. 

♦Presence (+) or absence (-) of Ph 1 as demonstrated by karyotyplc 
or Southern blot analysis. *~ " . « r 

inur** detected as described in legend to Fig. 1. B<ell lines 
derived from blast-crisis and accelerated-phase patients had levels 
of P210 3- to 5-fold higher (+++) than levels of P145, Chronic- 
phase-derived ceU tines had P210 levels lower than or just equivalent 
(+) to the level of P145. Myeloid and crythroid lines had levels of 
P210 5- to 10-fold higher than P145 (++ +++). 

*EiohMcilobase bcr-abl mRNA detected as described in legend to 
Fig. 2. Symbols: *, borderline detectable; .+++*.+. ,ev £pf JMA 
mRN A 5- to 10-fold higher than that of the 6* and 7-kb c-abl mRNA 
species; +++, level of 8-kb mRNA 3- to 5-fold higher than that of 
the 6- and 7-kb species; +, a level approximately equivalent to that 
of the 6- and 7-kb messages. 

data not shown). There was no difference in the copy number 
of aM-related sequences as judged by Southern blot analysis 
(Fig. 4). Only the K562 cell line control showed an amplifi- 
cation of abl sequences, as previously reported (22, 23), 
These combined data suggest that differential bcr-abl mRNA 
expression from a single gene template is responsible for the 
variable levels of P210°* fi detected. This could be mediated 




— P210 



P145 



Fio. 2. Analysis of steady-state abl protein levels by immuno- 
blotting. Cell extracts prepared from 2 x10^ cells i of lines SK- 
CML7BN-2 (A ,-), SK*CML7Bt-33 SK-CML8BN40 (0.-), 

and SK-CML8Bt-3 (£.+) were concentrated by immunoprecip- 
itation with anti-pEX-2 plus anu-pEX-5. Samples were then electro- 
phoresed in a NaDodS0 4 /*% polyacrylamidc gel and transferred to 
nitrocellulose, using protease-facilitated transfer (18). abl proteins 
were detected using a mixture of two monoclonal antibodies directed 
against the pEX-2 and pEX-5 oN-protein fragments produced in 
bacteria (19) as a probe and a pcroxidase-conjugated goat anti-mouse 
second-stage antibody (Bio-Rad) for development. 




Fig. 3. Comparison of abl RNA levels In Fh l -positive and 
-negative B-cell lines. The levels of the normal 6- and 7-kb c-abl 
RNAs and the 8-kb bcr-abl RNA were analyzed by blot hybridization 
using a v-aW probe. RNA was extracted from Pb^negative lines 
SK-CML7BN-2 (A,-) and SK-CML16BN-1 (B,-). from Ph l -pos- 
hive lines SK-CML6Bt-33 (A,+) and SK-CML16BI-3 (B,+), and 
from line K562 (C,+) by the NaDodS6 4 /urea/phenol method (20). 
Polyadcnylylated RNA was purified by oligo(dT) affinity chroma- 
tography, and 15 MS of - each sample was electrophoresed in a 1% 
agarose/formaldehyde gel and then transferred to nitrocellulose. The 
blotted RNAs were hybridized with a nicfctranslated v-aW fragment 
probe (21) and then autoradiographed for 4 days. 

by factors influencing the transcription rate of the bcr-abl 
gene or the stability of the mRNA; 

DISCUSSION 

Several lines of evidence suggest that formation of Ph 1 is not 
' the primary event that affects the stem cell in CML. Patients 
have been identified that present with the clinical picture of 
CML but only later develop Ph 1 (1), This observation, 
coupled with studies of G6PD (glucose-6-phosphate dehy- 
drogenase)-heterozygous females with CML that demon- 
strate stem-cell clbnality by isozyme analysis among cell 

3 4 5 6 7 8 9 10 11 
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Flo. 4. Southern blot analysis of abt sequences in Ph'-positive 
and -negative B-cell lines. High molecular weight DNA (15 jtfi) wa ? 
digested with restriction endonuciease BamHl, separated in a 0.8% 
agarose gel, and then transferred to nitrocellulose. The blotted DNA 
fragments were hybridized with a nick-translated, 2. 4-kb Bgl II v-abl 
fragment (1,5 x 10 8 cpm//ig; ref. 21) and exposed for 4 days. (A) 
Autoradiogram of aW-spccific fragments in cell lines HL-60 (lane 1), 
EM2 (lane 2) , K562 (lane 3), SK-CML7BI-33 Cane 4), SK-CMUBt-3 
(lane 5), SK*CML16Bt-l (lane 6), SK-CML21Bt-6 Cane 7). SK- 
CML35Bt-2 (lane 8), SK-CML7BN-2 (lane 9), SK-CMUBN-2 (lane 
10), and SK-CML35BN-1 (lane 11). (B) Ethidiuro bromide staining of 
agarose gel prior to transfer to nitrocellulose, showing the level of 
variation in amount of DNA loaded per lane. 
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populations that lack the Ph 1 marker, supports a secondary 
or complementary role for Ph 1 in the progression of the 
disease (24, 25), This chromosome marker is found in 
chronic, accelerated, and blast-crisis phases of the disease. It 
is likely that Ph 1 confers some growth advantage, since cells 
with the marker chromosome eventually predominate the 
marrow and peripheral blood even in chronic phase. During 
the phase of blast crisis, many patients develop additional 
chromosome abnormalities, including duplication of Fh\ a 
variety of trisomies, and complex translocations (2©. This 
is suggestive evidence for Ph 1 being a necessary but not 
sufficient genetic change for the full evolution of the 

disease. . , 

The realization that one molecular result of Ph 1 is the 
generation of a chimeric bcr-abl protein with functional 
characteristics and structure analogous to the gag-abl trans- 
forming protein of the Apelson murine leukemia virus 
strengthens the argument for an important role of Ph in the 
pathogenesis of CML. Although the Abelson virus is gener- 
ally considered a rapidly transforming retrovirus, its effects 
can range from overcoming growth factor requirements, to 
cellular lethality, to induction of highly oncogenic tumors in 
a number of hematopoietic cell lineages (27, 28). Even in the 
transformation of murine cell targets, there are several lines 
of evidence that suggest that the growth-promoting activity of 
the \-abl gene product is complemented by further cellular 
changes in the production of the malignant-cell phenotype 

(29-31). . . . 

The regulation of bcr-abl gene expression is complex 
because the 5' end of the gene is derived from the non-uW 
sequences, bcr 9 normally found on chromosome 22 (6). The 
level of stable message for the normal bcr gene and the 
normal abl gene are both much lower than the level of the 
bcr-abl message and protein from cell lines and clinical 
specimens derived from myeloid blast-crisis patients (5, 6, 
11), Therefore, the high level of bcr-abl expression cannot 
simply be attributed to the regulatory sequences associated 
with bcr. Possibly, creation of the chimeric gene disrupts the 
normal regulatory sequences and results in a higher level of 
expression. Variation in bcr-abl expression may result from 
secondary changes in the structure of the chimeric gene or 
function of franj-acting factors that occur during evolution of 
the disease. Our analysis of V2l(f M and the 8-kb mRNA in 
Epstein-Barr virus-transformed Ph l -positive B-cell lines 
demonstrates that stable message and protein levels from the 
bcr-abl gene can vary over a wide range. This variation does 
not result from a change in the number of bcr-abl templates 
secondary to gene amplification but more likely from changes 
in either transcription rate or mRNA stability. We suspect 
this range of bcr-abl expression is not limited to lymphoid 
cells. Analysis of peripheral blood leukocytes derived from 
an unusual CML patient who has been in chronic phase with 
myeloid predominance for 16 years showed a level of 
P210 c - tW one-fifth that of P145 c -** as detected by metabolic 
labeling with [ 32 P]orthophosphate and immunoprecipitation 
(S.C., O.N.W., and P. Greenberg, unpublished observa- 
tions). Lower levels of expression of the chimeric mRNA 
have been demonstrated in clinical samples from chronic- 
phase CML patients compared to acute-phase CML patients 
(9). Others have reported chronic-phase patients with vari- 
able but, in some cases; relatively high levels of the bcr-abl 
mRNA (32). The sampling variation and the heterogenous 
mixture of cell types in clinical samples complicate such 
analyses. Further work is needed to evaluate whether there 
is a defined change in P210 c " lbl expression during the pro- 
gression of CML. It is interesting to note that among the 
limited sample of Ph^positive B-cell lines we have examined 
(Table 1), we have seen higher levels of P21f/** bI in those 
derived from patic v. * at more advanced stages of the disease. 
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It will be important to search for cell-type-specific mecha- 
nisms that might regulate expression of bcr-abl from Ph\ 
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Review 

P., a : Proieome analysis: Biological assay or data archive? 

r^W \2! In this review We txamine the ciuraU «a» of proieome analysis. There arc 

Z AeSd Lc cnSn issue! discussed: why it is necessary to study proteomes; how pro- 

Ruedi Aebcrsold ^ c T«n be failped with current technology; and how^proUome analysis 

D,*Mtot of M.lecu'ar enhance biological research. 

fiSotow, University of " U * aD essential tool in tt» understanding of regulated bwtogical 

WasbMeo S«me; WAV USA . - £ uncnl ttchB0 logy, white still most y toted to ^..^^^fCS ' 

enables' the use of proteome analysis both to establish databases, of ptojeins 
• Saad to perform biological assays involving measurement of multiple 

variables Wc believe that tbe utility of proteome eoaiyakin future* blologtca 

research will continue lo be enhanced by further improvements In anneal. 

technology. . \ / 

resolution two-dimensional gel electrophoresis (2-DE), 
ConUnts delected in the gel and idealised by their amino add - 

1 Introduction > - U *J sequence. The ease, sensitivity and speed with which gel. 

2 Rationale for proteome analysis 1*« separated proteins can be identified by the use of recently 

1 \ Correlation between raRNA and protein developed mass spcctrometrlc techniques have dramfltl- 

exptcssion levels ".. 1863 cally increased the interest in proteome technolojy. One 

2 2 Proteins arcdyoainicaliy modified and pro- qf mc most attractive features of such analyses is that com* • 

cesscd v - • ■ l8 * 3 ■ plcx biological systems can potentially be studied to their 

2 3 Proteomes are dynamic aod reflect the entirely, rather than as a multitude of individual compo* 

state of a biological system -Ww oen is. This mikes it far easier to uncover the many com- 

3 Description apd assessment of current pro- pleX( „id often obscure, relationships between mature 
icome analysis technology 1863 • geoe products in cells; Lvgc;jcale ptolcotne cbattctenza* 

3 1 Technical requirements of proteome tech- ' j| on projects have been undertaken for a number of dif- 

nology ! 863 ferent organisms snd.ccil types. Microbial proteome pro- 

3 J 2D electrophoresis - mass spectrometry:, a j ect ^ CUf/en tiy io progress include, for example: Saccharo- 

commoft implcmcnUUoo of proteome anal- ■ rt>CM wcvMat. &], SalmantHq ttitutca |3J, Sptroplatma • 
nu ':..^.:y-v^;:^.^.^:^v,..:. ^ ' \W' mtIl ^ m m Mycobacterium luberwlMl* IS), OcHnbac- 

33 Protein identification by LpMS/MS, eapil- trum anihropl [61 Haemophilus influenzae Pl.tyntcho- 

tary LC-MS/MS and CE-MVMS 1865 jg^ £^ertcWa xoll [9], RMUobtum ftgvmf/io- 

3J.I LC-MS/MS ; | 8 ~ scram 110], and X>fc<yorfe/ium itticotfcvm (til. Proteome 

33 2 Capillary LC-MS projects underway for tissues of more complex. organ- 

3JJ CB-MS/MS 1865 isms include those for: human bladder squamous cell 

3 4 Assessment of 2-DE-MS proieome tech* carcinomas' [ttl human liver [IJJ, human plasma [I3J; 

nptogy 1866 human teralinocyles (12), human fibroblasts 112), mouse 

4 Utility of proteome analysis for biological kidney 111), and ral serum |U1. to this manuscript we cri- 
rescarch / 1868 ttcally assess the concept of proteome analysis and the 

4.1 The proteome as a dalabaso "IW tabaical feasibility of establishing complete proteomp 

4.2 The proteome as a biological' assay 18" mapi( m $ discuss ways .In which proieome analysis and 

5 Concluding remarks - biological- research. intersect., 

6 References W» 

1 Introduction 1 fw proieome analysis 

A-nroteome has bceo defined as Ibe'p'roiein complement The' dramatic growth in both the number of genome 

S^lXtT^oZ\\^ organism, 04 in muhicct- projects and the speed with which genome sequences 

tissue or difTefentiated cell |l|. la the most common un- sequence ^^^.^^^XTof^Se 
n^niAiiflnofDrotebme analysis the proteins extracted . genomic sequences {(15-171). The descripUon ol tqe 

from the cell or tissue anaiyieo . ^ ^ eortiponwiB has long been a prtroary 

Snu7«d««<: hohaof g JcfiAcbcneid, Depirtmcnt Hoiawiu objective in molecuiar biology. With recent. t«hw»l 
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©u.wuhiimoft.cdu) y ( 06y ji9 ( 20] and serial -analysis of gene expression 

Atta.fi.iiu*:' CIO. ciidUiop-totfuced «isedaiioa;^S/i1S, ua*«» (SAGP) (21. 221.1l is now feasible 10 establish global and 

out, ipconxntuy; SxCfc\ unit tnii/iU of teec eipfcxsion quanUUliyc mRNA expression maps of cells and tissues, 

, in which the scauence of all the genes is* known, at a 
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protein analysis technology. Given the long-standing 
paradigm in biology that DNA synthesizes RNA which 
syntheses protein, and the abUily.to rapidly establish 
global quanUtativo mRNA expression maps, the ques- 
tions which arise are why technically complei proteome 
projects should be undertaken and what specific types of 
information could be expeeted from proteome projects 
which cannot be obtained from genomic and transcript 
. profiling projects. We sec three main reasons for pro- 
teome analysis to become an essential component In the 
comprehensive analysis of biological systems, (i) Protein 
expression levels ere not predictable from the mRNA 
expression levels, (u) proteins are dynamically modified 
and processed in ways which are not necessarily 
apparent from the gene sequence, add (iii) proteomes 
arc dynamic and reflect the slate of a biological system. 

1.1 Correlation between mRNA and protein .expression 
tev«U 

Interpretations of quantitative mRNA expression profiles 
frequently implicitly or explicitly assume lhal for specific 
genes the transcript levels are ' Indicative of the levels of 
protein expression. As part of an ongoing study in our 
laboratory, we have determined tlie correlation of expres- 
sion at the mRNA and protein levels for a population of 
selected genes in the yeast Sac'charomycct cer&Uiac 
growing at mid-log phase {S. P. Gygitf a/., submitted for 
publication); mRNA expression levets were calculated 
from published SAGE frequency, tables \n\. Protein 
expression levels were quantified by metabolic rndiola- 
belins of the yeasl proteins, liquid scintillation counting 
of tho protein spots separated by high resolution 2*DE 
and mass spectromeuic identification of the protein(s) 
migrating to each spot. The selected 80 samples consli-. 
(utc a relatively homogeneous group with respect to pre- 
dicted half-life and expression level of the protein pro- 
ducts. Thus far, we have found a general t^end but no 
strong correlation between protein and transcript levels 
(Fig. 1). ?ot some genes studied equivalent mRNA trans- 
cript levels translated into protein abundances which 
varied by more than 30-fold. Similarly, equivalent steady* 
state' protein expression levels weic maintained by trans- 
cript levels varying by as much as 40-fotd (S. P. Gygi 
a <)/., subroiUed). These results suggests that even for a 
population of genes predicted to be relatively homoge- 
neous witb respect to protein half-life and gene expres* 
sioo, the protein levets cannot be accurately predicted 
from the level of the corresponding mRNA transcript. 

IX Proteins are dynamically modified and processed 

in the mature, biologically active form many proteins arc 
post-transiationally modified by giycosylalion, phosphor- 
ylation, prenylalion, acylalion, ubiquitination or one or 
more of many other. modifications [23] and many pro- 
teins arc only functional if specifically associated or com- 
plexed witb other molecules, including DNA, RNA. pro-' 
teins and organic end inorganic cofactors. Frequently, 
modifications are dynamic and reversible and may alter 
trie precise three-dimensional structure and the state of 
activity of a protein. Collectively, the stale of modifica- 
tion of tbe pioteins which constitute a biological system 
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are important indicators for the state of the system. The 
type of protein rrtodification and tbe sites modified at a 
.specific cellular state can usually not be determined 
from the gene sequence alone. 

* * * 

ZS ProUomt* ue dynamic and idled the xtate of a 
biological system 

A. single genome, can give rise to many qualitatively and. 
quantitatively different proteomes. Specific stages of the 
cell cycle and states of differenUaUon, responses to 
growth and nutrient conditions, temperature and stress, 
aod pathological conditions represent cellular states 
which are characterized by significant]/ 'different pro- 
Iconics , The proteome, in principle, also reflects events 
that are under translational and post- t/anslatio nal con* 
trol. It is therefore expected that proteomics will be able 
lo provide the most precise and detailed molecular des- 
cription of the slate of a cell or tissue, provided that the 
external conditions defining the slate are carefully deter* 
mined. In answer to the question of whether the study 
of proteomes is necessary for. the analysis of biomolec- 
ular systems, it is evident that tho analysis of mature pro* 
lein products in ceils is essential .as there are numerous 
levels of. control of protein synthesis; degradation, 
processing and modification, which- are only apparent by 
direct protein analysis. . 



3 Description and assessment of current proteome 
analysis, technology » 

3.1 lecholcal requirements of proteome technology 

In bio logical systems the level of expression as well as 
the slates of modification, processing and macro-molec- 
ular association of .proteins are controlled and modu- 
lated depending on the state- of the system. Comprehen- 
sive analysis of the identity, quantity and state of modifi- 
cation of proteins therefore requires the detection and 
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quantitation of the proteins which constitute the system, 
and analysis of differentially processed forms There are 
' number -of inherent difficulties in protein analysis • 
which complicate these tasks. First, proteins cannot be 
amplified. U is possible to produce large amounts r -oT a 
particular protein by over-expression' m WM MW 
iems. However, since many, proteins are dyoarweatty . 
post-translationally modified, they cbiwo! be easily an> 
plifitd in the form ia which they finally funcuon in- the 
biological system. It is frequently difficult to purify from 
the native source sufficient amounts of a protein Jot 
analysis. From a technological point of view .tfes tjans* 
Tales into the need for high sensitivity analytical 
niques. Second, many proteins are modified ^ Pro- 
cessed posMranslalionally. Therefore, in addiUon to the 
protein . identity, the structural basis for duTercntial y 
modified isoforms aUo needs to be determined. The dis- • 
tribulion of a constant amount of protein over several 
differentially' modified isoforms further reduces the 
' amount of each species, available for analysis. The com. 
pleiity and dynamics of post-translations! protein edit- 
ing thus significantly complicates proteome studies, 
Thud, proteins vary dramatically with respect to their 
solubility in commonly uted solvents. There are few, il 
any; solvent conditions in which all proteins are soluble 
,nd which are also compatible with protein analysis. This 
makes in t development of proteio purification methods 
particularly difficuUsiuc* bothprotein purification pad 
sotubtUiy have to be achieved under the samc.condi< 
lions; Detergents, In particular sodium dodecyl sulfate 
(SDS), arc frequently added to aqueous solvents to 
maintain protein solubility. The compatibility with SDS 
is a big advantage of SDS. polyacrylamide gel. electro,: 
obocesis (SDS PACB) over other protein separation 
techniques. Thus, SDS-FACe and two^imensional gel 
electrophoresis, which also uses SDS and other dct$r- 
gcoU are the. most general and preferred methods for 
the purification of small amounts of proteins, provide^ 
that activity aocs not necessarily becd to be maintained. 
Lastly, the number of proteins in a given ceil system u 
typically in the thousands. Any attempt to identify and 
categorize all of these must use methods which are as 
rapid as possible "to allow completion * of the project 
. within a reasonable Ume .frame. Therefore, a successful, 
general proieomics technology requires high sensiUvity, 
high throughput, the ability to differentiate differentially 
modified proteins,- and tho ability to quantitatively dis- 
play and analyze all the proteins present in a sample. 

' 3.2 2-D electrophoresis - mass spectrometry: a com ni on 
- IciplcxntniftUoa of protcome analysis 

The most common currently used implementation of 
■ protcome analysis technology is based oo t|ie separation 
of proteins by two-dimensional (IEF/SDS-PAQE) get 
electrophoresis end their subsequent identification and 
analysis by mass spectrometry (MS) or tandem mass 
spectrometry (MS/MS). In 2-DB, proteins arc first separ-. 
alcd by isoelectric focusing (IEF) and then by SDS- 
PAGfc\ io the second, perpendicular dimension . Separ- 
ated proteins are visualized at hi$h sensitivity by staining 
or autoradiography, producing two-dimensional arrays of 
proteins.' 7-Dfi gels are, at present,. the most commonly 
used means of glohal display of proteins in complex 
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samples.* The separation of thousands of proteins has 
been achieved in a single gel 124, 25) and differentially 
modified proteins are frequently separated. Duo to the 
compatibility of *DB with high concentrations of deter- 
gents, p/olein denaturanls and other additives promoting 
protein solubility,, the technique , is widely used. 

The second step of this type of protcome analyst is the 
identification and analysis of separated proteins. Individ- 
ual proteiru from polyacrylamide *ei? have traditional^ 
been identified using tf-tcrihinal sequencing 126, 27], 
Internal peptide sequencing pi, 2% immunoblotUng or 
.comigratipo with known proteins 1301 Tho recent dra- 
matic growth of large-scale . genomic and expressed 
sequence tag (EST) sequence databases baa resulted uya 
fundamental change in the way protcini are identified |y 
their amino acid sequence. Rather than by the traditloi 
methods described above, protein sequences are now fre- 
quenUy determined by . correlating mass spectral or 
undem mass speciial data of peptides derived from pro- 
teins, with the. information contained in sequence data- 
bases 13W3I, . 

There are a number of alternative approaches to pro- 
tcome analysis currently under development. There U 
considerable interest In developing a ptoteome aqfllyc is 
siragegy which bypasses 2-OE altogether, because it U. ; 
considered a relatively slow and tedious process, and 
because of perceived difficulties in extracting proteiru 
from the gel matrix for analysis. However, 2-DE as a 
starting point for protcome analysis bos many. advan- 
tages compared to other techniques available today. The 
most significant -strengths- of the- 2»DE*MS approach 
include the relatively uniform behavior of proteins Jo 
gels, the ability to quantify spots and the high resolution 
aod simulianeous display df hundreds to thousands of 
proteins within a reasonable .time frame; 

A schematic diagram of a typical procedure of the Identi- 
fication of gct-scparaied proteins is shown in Fig. 2. Pro- 
tein, spots detected in, the gel are eiuqrroatically or chemi- 
cally fragmented and the peptide fragment* axe Isolated 
' for analysis, as already indicated, most frequenUy by MS 
or J4S/MS. there are numerous protocols for the geoer* 
alion of peptide fragments from gel-separated proteins. 
They can be grouped into two categories, digestion in 
the gel slice |2&, 34J or digestion after eleetiot/ansfer out 
of the gel onto a suitable membrane ([29, 35-37} aid 
reviewed in f38]). In most instance* either technique is 
applicable and yields good -lesults. The analysis of MS or 
'MS/ MS data- is an important step in the whole process 
because MS instruments cap geneiatc an enormous 
amount of information which cannot easily be managed 
manually. Recently, a number of groups have developed 
software systems dedicated to the "use of peptide MS 
and MS/MS spectra for the .identification of proteins, 
Prpieins are identified by correlating the information 
contained in the MS spectra of protein digests or 
MS/MS spectra of individual pejpiides with data con- 
fined in DNA or protein sequence databases. 

* * * 

The systems we are currently using in our laboratory are 
based on the separation of the peptides contained in pro- 
tein digests by narrow bore or capillary liquid chromaiog- 
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raphy (39. 4G| or capillary electrophoresis [411, the anal- 
ysis of the separated peptides by electrosp'fay ionizar 
Uoa (BSI) MS /MS, and the correlation of the generated 
peptide, spectra with sequence databases using the 
SEQUEST program developed at the University of Wash- 
ington j32, 33]. The system automatically performs the 
following operations:^ particular peptide ion character- 
ized by its mass* to -charge ratio is selected in the MS out 
of all the peptide , ions .present in. the system at- a parti- 
cular time; the selected peptide ion is collided in a colli* 
stoo cell with argon (collision-induced dissociation. 
CID). and thc-raasses of the resulting fragment ions arc 
deiermioed in the second sector of Lhe tandem MS; this 
experimentally determined CIO' spectrum is then corre- 
lated with the CIO ipectia predicted from all the pep- 
tides in a sequence database which have .csseptially lhe 
same mass as the peptide selected for CID;' this cbrtela-. 
Uoo matches the Isolated peptide with a sequence seg- 
ment in a database and thus identities lhe protein from 
which the peptide was derived, there are a number of 
alternative programs which use peptide CIO spect/a for 
protein identification, but we use the SEQUEST system 
became it is currently the mo it highly automated pro- 
gram and has proven to be successful, versatile and 
robust. 



required. As an approximate guideline, foj samples con- 
fainiag tens of picOraolcs of peptides,. LC-MS/MS Is 
most appropriate; for sample* containing. low piccmole 
amounts to. high femtomole amounts we use capillary 
LC-MS/MSi and for samples containing femtomotts or 
less, CE-MS/MS is the method of choice. 

3,3.1 LC-MS/MS 

The coupling of an MS to' an WtC system using a 
0.5 mm diameter or bigger reverse phase (RP) column 
has been described la detail 142), This system has several 
.advantages If a large number of samples axe to be ana- 
lyzed and all are available In sufficient quantity. The 
IC-MS end database starching program can be run in a 
fully automated mode using an autosarapler* thus maxi- 
mizing sample. throughput and minimizing the need for 
operator interference. The relatively large column is 
tolerant of high levels of impurities from either gel prep- 
aration or sample matrix. Lastly, if configured with a 
flow-splitter and micro-sprayer [40], analyses can be per* 
formed on a- small fraction of the sample (less than 5%) 
while the remainder. of the* sample is recovered in very 
pure solvents. This (alter feature is particularly ^useful 
when an orthogonal technique is also used to analyze 
peptide Tractions, such as scinttllaupo of an introduced 
radiotabel, and this data can be correlated with peptides 
identified by CID spectra. 

3.3 J Capillary LC-MS 

* 

An increase of sensitivity of approximately tenfold cap be 
achicrcd by using a capillary LC system with a lOO pro lb 
column rather than a 0.5 mm ID column as referred to 
above. Since very tow Qow rates are required for such 
columns, most reports have used a prccoluain flow split- 
ting system for producing solvent .gradients.. We have 
recently desribed the design and construction of a novel 
gradient mixing system which enables. the formation 
of reproducible gradients at very low flow rates; (low 
oL/rain) without the need for flow splitting (A, Ducret 
et ai. t submitted for publication). Using Ibis capillary 
LC-MS/MS system we were able to Identify gel-separat- 
ed proteins if low. picomolc to high femtomole amounts 
were loaded onto the gel (4Qj. This system is as yet not 
automated and, like all capillar/ LC systems* is prone to 
blockage of the columns by microparticulaies when ana- 
lyzing gel-separated proteins. 



3.3 Protein identification- by LC-MS/MS, capillary . 
LC-MS/MS end CE-MS/MS. 

It has been demonstrated repeatedly thai MS has a very 
high intrinsic sensitivity. For'the routine analysis of gel- 
separated proteins at high sensitivity, .the most signif- 
icant challenge is the handling of small amounts of 
somptt. The crux of the problem is the extraction and 
transferal of peptide, .mixtures generated by the digestion 
of low nanogram amouals of protein, from gels ioto the 
MS/MS system without significant |oss of sample or 
introduction of unwanted contaminants. We; employ 
three different systems for introducing gel-purified sam- 
ples into an MS, depending on the level of sensitivity 



3.3.3 CE-MS/MS 

The highest, level of sensitivity for analyzing gel : scp- 
araled proteins can be achieved by using capillary elec- 
trophoresis ~ mass spectrometry (f^E-MS). .We have de- 
scribed in the past a solid-phase extraction capillary elec- 
trophoresis (SPB-CEj system which was used with triple 
quadrupole and ion trap ES1-MS/MS systems for the 
identification, of proteins at the tow ferntomolc to rub- 
femtomole sensitivity level (43,44). While this system is 
highly sensitive, its operation is labor-intensive and its 
operation has not been automated. In order to devise an 
analytical system with both the sensitivity of a CE and- 
the level of automation of LC, we have constructed 
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micfofabricatcd devices for the introduction of samples 
into ESI-MS foi high-sensitivity peptide analysis. 

The basic device is a piece of glass. Into which chwwcis 
or 10.30 m in dep* 5M0 urn in. diameter are 
ciched by using photoumog/apby/ctcbiflS t 
similar to ihe cues used In Ihc semiconductor industry. 
(A simple device is shown in Pig. 3). Tit channels arc. 
connected to en external nigh voltage power W- 
Samplcs are manipulated on Ihe dence .and off b* 
device to the MS by applying differ « ^J^* ^ 
reservoirs. This creates a solvent flow by 
pumping which can be. redirected by chaaswg tho post- 
Uon ofthc electrode. Therefore, without the need for 
valves or gates and without any external pumping, mc 
now can be redirected by aimply switching the position 
of the electrode* on the dtViceVThe direction aad rate of 
the now can be modulated by the' size and the polan y- 
of the electric field.applicd and also by the charge state 
Of (he surface. 

The type of data generated by the system is Ululated in 
Pig 4 which sbows the mass spectrum of a peptide sample 
representing the iryplic digest of cerbonlc tmhydrase at 
' 290 fmol/uL. Each numbered peat indicates a peptide suc- 
cessfully Identified as being derived from carbonic an- 




MS entrance 




jF^ure j. SchemiUc Ulttiti'aUoa of * . 
mitfoAbdciicd «ulyti«l fyrtwn for CE,. 
wruiiUnj of * miaomtefalwd dcvUo. 
co»(td uplUwy eJtcUoojroolifi pump, * 
uij nfcjo«lairotpr«r toitxfu*. Toe 
dicneaiion* of ibe dwuotli tad imr* olr 
RU U inflated in Uio text. Ttic cbtnneli 
oh At dnleo wt> iRphitaUx wfcinccd 
lo oukc dim oo« f Islblt, R*P">tfuced • 
from (451, penntettoo, 

tiydrase. Some of the uoassignco signals may be chemical \ 
or peptide contaminants. The MS is programmed to. juto* 
mkitcaUy select eacb peak and subject the peptide to QIU. 
The resulting C1D spectra are then used-to identify the 
protein by corrcU£Uon with sequence da&baaes. Therefore, 
ihis system allows us lo concurrently apply a number of 
protein dt&csts onto the device, to sequentially mobilize 
the samples, to automatically generalo CID spectra of 
selected peptide ions and to search sequence databases 
for protein identification. These steps are performed auto- 
matically without the need for user input andproteins can 
be identified at very low femtoraole level sensitivity at a 
rate of- approximately one protein per 15 raio. . 

* * • * * 

* 

3.4 Assessment of X-DE-MS proteom*. technglo^T 

Using a combination of the analytical techniques de- 
scribed above we have identified^ 80 protein spots 
indicated in Fig. 5. The protein pattern was generated by 
separating a total of 40 microgram of protein contained 
in a total ccll lysate or the yeast strain, YPH499 by high 
resolution 2-DEand silver sUining of the separated pro : 
teins To estimate how far this lype of protccmc analysis 
can penetrate towards the identification of low abun- 
dance proteins, wo have calculated the codoa bias of Ibe 
genes encoding the respective proteins. Codon bias Is a 
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calculated measure of the' degree of redundancy of trip- 
let DMA codorts used lo produce each amino, acid in a 
particular gene sequence. It has been shown to be^a 
useful indicator of the level of the protein product of a 
particular gene sequence present in* a cell (4ft The gen* 
eral rule which applies Is that the higher the value of the 
codoo bias calculated foi a gene, the more abundant the 
protcio product of that gene becomes. The calculated 
codoo bias values corresponding to the proteins identi- 
fied in Fig. 5 are shown in Fig. 6*b. Nearly ail of the pro- 
teins idtoUGcd (> 95%) ha*t codotv bias values q1> G.2, 
indicating they are highly abundant In.cells. In contrast, 
codon bias values calculated for the entire yeast genome 
(Pig. 6a) show that the majority of proteins present in 
the pioteome have a codon bias of < 0.2 and are thus of 
low abundance. 

This finding is of considerable i'mpotlance in our assess- 
ment of the'eurreot status of proteome analysis technol- 
ogy. It is clear that oven using highly, sensitive aoalytical 
techniques,, we arc only able lo vixuatize and identify the 



moro abundant proteins. Since many important regula- 
tory proteins are present onjy al low abundance, these 
would not be amenable to analysis using such tech- 
niques. This situation would be exacerbated in the anal- 
ysis of prottomes containing quay more protelos than 
the. approximately 6006 gene products' present in yeast 
celt? (167. In tho analysis of, for example, the proteome 
of any human* celts; (here are potentially J00OO-I0OO0O 
gene product* 147). Inherent* liroltali pas on the amount 
of protein that can be loaded on 2-DE, and the number 
of components that can be resolved, indicate that only 
the most highly abundant fraction of the many gene 
products could be successfully analyzed. One approach 
that has been employed to circumvent these limitations 
is (he use of very narrow range immobilized pH gradient 
strips for the finl-dimension separation of 3*DE (48). 
Since only those proteins which focus within the narrow 
range will eater the second dimension, of separation, a 
much higher' sample loading within the desired range is 
possible. This, in turn, can lead to the visualization and' 
identification, of less abundant proteins. 
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4 Utility of proteome analysis for biological 
research 

Por the success 1 of proleomifs as '£maiosiie«h approach 
to the analysis of biological systems »* * ess** 11 ' 41 t0 
define' "bow protcome analysis add biological researcfc 
projects intersect. Without a clear plan for the implemen- 
tation of ptolcomo-type approaches into biological re- 
search projtcts the foil impact of the tedsnology cap not 
be realized The literature Indicates that pioteome anal: 
ysls Is used both as a database/data archive, ar^d as a bio- 
logical assay or biological research lOoK 

4,1 The pfptcoroc a* a database 

The use of proteomics as. a database or data archive 
essentially entails an attempt to Identify all the proteins 
in a cell or species and to annotate each protein with the 
knowo biological infopnalion that irrelevant for each 
protein. The level of annotation can, of course* be exten- 
sive/The most common implementation of this Idea is 
the separation of proteins :by high resolution 2-DE, the 
identification of each -detected protein spot and'tl*e 
annotation of the protein spots in a 2*DE gel database 
format. This approach is complicated by the fact thai it. is 
difficult to precisely define a protcome and to decide 
which protcome should be represented in the database. 
In contrast to the genome of a species, which is esseo- 
dally static, the protcome is highly dyouuic. Processes 
such as differentiation, celt activation and*discase can ail 
significantly change the proteome of a ipecits. This is 
illustrated in Fig. 7. The figure shows two high-resolu-. 



Fig 7 A is from the serum of normal rats, while Pig. 7B 
is from the serum of rils in acute-phase " rom 4 ^f 
prior treatment .with an iiuWiaUon^using^ent (491.. 
It is obvious that" the protein patterns arc- significantly 
different in sftvcral areas, raii^.the qutstioo of exactly 
.which proteome U being described, 

¥ , ■ 

Therefore, a comprehensive proteome database of & spcr 
cits or cell type needs to contain all of the parameters 
which describe the state and the . type of the cells from 
which the proteins were extracted as weU as-thc software 
tools to search the database wilh queries which reflect 
the dynamics of biological systems.* A comprehensive 
protcome database should be capable of quaotiiativete 
describing the Tate of each protein if specific syslen* 
and pathways arc activated in the cell Specifically, the 
quantity, the degree of modification, the subcellular loca- 
tion and the nature- of molecules ipecificau^. inter acting 
with a protein as well as the rate of change of these, 
variables should be described. Using these admittedly 
stringent criteria, there is currently no oomtete protcocne 
database. A number of such databases axe; however, in 
the process of being eonstrucied.-The »«|. advanced 
among Ihem, in our opinion, are the yeast protein data- 
base YPD (50J (accessible at £Up://vnmypdxcm) and 
the human 2D-PAGE databases of the Danish Centre 
for Human Genome Research {12} (accessible at http,:// 
biobase.dkycgirbiti/eehs). While neither can be con- 
sidered complete as not all of the potential gene pro- 
ducts axe identified, both, contain .extensive annotation 
of supplemental .information for many: of the spots 
which are positively identified in reference samples. v 



4a The proieome as a -biological assay 

the use of proteome analysis as a biological assay or 
research tool represents an alternative approach to inte? 
grating biology with piotcomics. Tb investigate the state 
or a system, samples are subjected to a specific proceess 
that allows the quantitative or qualitative measurement 
of some or the variables which describe the system.' In 
typical biochemical assays one variable (e.f. enzyme 
activity) of a single component (eg*., a particular en- 
zyme) is measured. Using proteomics as an assay; mul- 
tiple variables («.*., expression level, rate of synthesis, 
phosphorylation state, etc) are measured concurrently 
on many (ideally ail) of (he proteins in a sample. Toe 
use of proteomics -as an assay is a less Taf^reachJng prop- 
osition tha n the construction of a comprehensive pro- 
leome database. It does, however, represent a pragmatic 
approach which can be adapted to investigate specific 
systems and pathways, as long as the interpretation of 
(be results takes into account that with current technof- 
* ogy not all of Ifte variables wbich describe the .systcm 
can be observed (see Stctlon 3.4), 

A common implementation of proteome icalysis. a 
biological assay Is when a 2-DE protein pattern gener- 
ated from the analysis of an experimental sample is 
compared to an. array of reference pattern* representing 
different states of the system, under investigation. The 
state of the experimental system at the lime the sample 
was generated is I here fore, determined by the quantitflv 
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"Uve comparative anal/sis of hundreds to i Jew thousand 
nrouinj Compmlivc analysis of the 2-DE paUtras fur- 
Sre h Ants quantitative and 
en«s to ttc protein profile? wbicb collate with the 
dlic of the system. For Ibis type of analysts it .is not 
SsolM'lhM alt. the proteins arc identified or even vuu- 



alitcd, although the results become niote informative at 
more protrios arc compared, ll is obvious, however,; ihai 
the possibility to identify any protein. decajed character 
istic for a particular state dramatically enhances this 
approach by opening up ru>* avenues for experimenta- 
tion. • 
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•lot. ii , JJ-'llJOT indicnl SDS-PAOE let rrattfef were t|iui(Ib<I t» «.!»»! «ll> m«f» but <"« l " l » 
or cipcrtmtouj procedure! ire Included In (14, i9t 
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P, ol eome analysis as a biologic,! . 
fullr used in the Geld of toxicology, o *ar»eltrree 
^sH«a<« or to st-dy -«^«E£SJ 
The abocoach ii Umiled, of course, by the ft« UiM oniy 
]hc vUibte Ptouin Wow Uidufcd tn the assay-. ano.1 
MM. U»t • sub.tanlia.bul to to» ««Pg 
fraction of cellular proteins we delected if a total edl 
Se u »epa«led by- 3-DE. Ptolelc ^ ^ 
Sed In 2-DB gel» because they are not abondttl 

beeX «hey do not migrate within fe^"*™*]"* 
of) resolved by (he get. because ihey are ool soluble 
underlie condUiooTwed, or for olher reason,. 

A different way to use p.Oleomt anUy* U it biota glcal 
assay to deOne the slate of a biotagKal system b JM# 
advantage of the .wealth or information amtatned in 
2^E protein P.W J-DB U referred to 
sional because of the ereclropnoretle »° l " w /^ 
boeleclric points wbieb define the poiUloo of eeeh pro- 
tein mTl^DB pattern. In addition to the two dtmeo, 
Sons used to generate the protein patterns, a mg» J* 
additional data dimensions are coniatned m-the pro em 
aUe.ns. Some of lh«e dimension, 

«pr«sion level, P^^^..^^*£J* 
lion association with olher prolans, rate of synthesis or 
degradation iodide the activity suu of a prdemor • 
biological system. Comparative analysis of ^»«*"» 
oattero representing difTereol states is therefore ideally 
^ Kr 1 datectlon. IdenUfieaUon eod analy*. > o 
"Lblemarker*. Once again it must be 
in ibis type of experiment only, a fcicUoo of the cdhilar 
ptduL U analysed. Since many regulatory protein*. are 
of low abundance, this limitauon is a eoncero, partieu- 
My -in cues In wWdi iegulaUiry pathways are hem* 
investigated. 

S Concluding rejnwis 



lo this report We have addressed three mak issues 
£bud to Vrolcomc analysis. Pin* wo have discussed 
the rationale for studying protwme*. Second. « hm 
™£t4 me technical feasibility of aDalytins pmteomw 
and-descrfcedcuric* proteome l«nnology,< a* tbW. 
we hive analywd the uUhty of proteome analysis for bio- 
logical research. It h apparent thai Pf oleoma analysU i$ 
KcnUaJ tool in toe M/^ ot biological y^P* 
Wmuili-level coolrol of protein synthesis and degrada- 
tion in cells means that oriiy the direct .analysts of 
mature protein products can reveai their correct idcnti- 

theU relevant stat* of modificaUoa and/or 
i!"n sod their amount Recently developed methods 
have enabled Uto idenuficaliou of P^tacu at evef- 
incasing sensitivity levers and at a high level of auto- 
mation of the ana)yticai>ocesses. A number of tech- 
rial chaJiengcs. howevex. remain. While it is currently 
possible to identify essentially any pioCew Jpots that can 
be visualiztd by common stoioing -methods, it is ap- 
parent that without prior enrichment only * reJahvely 
small and highly selected population i of long-lived 
highly expressed proteins is observed. There are many 
more proteins in a given cell which are not visualized br 
such methods. Frequently it is the low abundance pro- 
leins that execute key" regulatory functions. 



... atttngtwju im to. ttfi-mi 

We have outlined the two principal ways proleomc anai- • 
y ,i, is currently being used to intersect with biolo&cal 
Research projects; the proteomc as a daUb^e of data 
Xc and Jroieome- analysis as a biologica assay. Both 
approaches' have in common that at piesenl Ihey tie eon- 
eeptuaJly and technically limited. Current prolepnic data- 
base* typically are limited to one ceil type and ono state 
ofTceUand therefore'do not account for the dyxumlcs 
of biological systems, The use of proteome analyst* u a 
biological assay can provide a wealth of lofonnation^ but 
it is Utnlted to the proieins detected end U therefore not 
truly preleome-widc. These limitalions in proleomtcs ate 
to a large extent a reflection of the fad that proiefcrt to 
their fully processed form cannot easily bo amplified ajd 
are therefore 4imcull to isolate in amounts sufDdentJor 
arulysia or experimentation. The fact thai to dale|no 
complete proteome has been described further aUestJ lo 
these difficulties. With continued rapid progress m pro- 
tein analysis technology, however, wc anticipate thai the 
goal of complete proteome analysis will eventually . 
become attainable. -.' 
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from the Nethntt Science Foundation Science and r«ft/wj- 
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rat serum gels iAow«. 
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Analysis of Genomic and Proteomic Data Using Advanced Literature 
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High-throughput technologies, such as proteomic screening and DNA micro-arrays, produce vast 
amounts of data requiring comprehensive analytical methods to decipher the biologically relevant 
results. One approach would be to manually search the biomedical literature; however, this would be 
an arduous task. We developed an automated literature-mining tool, termed MedGene, which 
comprehensively summarizes and estimates the relative strengths of all human gene-disease 
relationships in Medline. Using MedGene, we analyzed a novel micro-array expression dataset 
comparing breast cancer and normal breast tissue in the context of existing knowledge. We found no 
correlation between the strength of the literature association and the magnitude of the difference in 
expression level when considering changes as high as 5-fold; however, a significant correlation was 
observed (r = 0.41; p = 0.05) among genes showing an expression difference of 10-fold or more. 
Interestingly, this only held true for estrogen receptor (ER) positive tumors, not ER negative. MedGene 
identified a set of relatively understudied, yet highly expressed genes in ER negative tumors worthy of 
further examination. 

Keywords: bio informatics • micro-array • text mining • gene-disease association • breast cancer 



Introduction 

At its current pace, the accumulation of biomedical literature 
outpaces the ability of most researchers and clinicians to stay 
abreast of their own immediate fields, let alone cover a broader 
range of topics. For example, to follow a single disease, e.g., 
breast cancer, a researcher would have had to scan 130 different 
journals and read 27 papers per day in 1999. 1 This problem is 
accentuated with high-throughput technologies such as DNA 
micro- arrays and proteomics, which require the analysis of 
large datasets Involving thousands of genes, many of which are 
unfamiliar to a particular researcher. In any microarray experi- 
ment, thousands of genes may demonstrate statistically sig- 
nificant expression changes, but only a fraction of these may 
be relevant to the study. The ability to interpret these datasets 
would be enhanced if they could be compared to a compre- 
hensive summary of what is known about all genes. Thus, there 
is a need to summarize existing knowledge In a format that 
allows for the rapid analysis of associations between genes and 
diseases or other specific biological concepts. 

One solution to this problem is to compile structured digital 
resources, such as the Breast Cancer Gene Database 1 and the 
Tumor Gene Database. 2 However, as these resources are hand- 
curated, the labor-intensive review process becomes a rate- 
limiting step In the growth of the database. As a result, these 

* To whom correspondence should be addressed: jlabaer@hms.haTvard.eda 
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databases have a limited scale and the genes are not selected 
in a systematic fashion. 

An alternative approach is automated text mining; a method 
which involves automated information extraction by searching 
documents for text strings and analyzing their frequency and 
context. This approach has been used successfully in several 
instances for biological applications. In most cases, it has been 
applied to extract information about the relationships or 
interactions that proteins or genes have with one another, in 
the literature or by functional annotation. 3 " 7 Thus far, few 
publication have applied text- mining to examine the global 
relationships between genes and diseases. Perez- Ira txeta et at. 
automatically examined the GO (Gene Ontology) annotation 
of genes and their predicted chromosomal locations in order 
to identify genes linked to inherited disorders. 8 

To obtain a more global understanding of disease develop- 
ment, it would be valuable to incorporate information regarding 
all possible gene-disease relationships, including biochemical, 
physiological, pharmacological, epidemiological, as well as 
genetic. This information would enable comprehensive com- 
parisons between large experimental datasets and existing 
knowledge in the literature. This would accomplish two things. 
First, it would serve to validate experiments by demonstrating 
that known responses occur as predicted. Second, it would 
rapidly highlight which genes are corroborated by the literature 
and which genes are novel in a given context. We have utilized 
a computational approach to literature mining to produce a 
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comprehensive set of gene- disease relationships. In addition, 
we have developed a novel approach to assess the strength of 
each association based on the frequency of citation and co- 
citation. We applied this tool to help interpret the data from a 
large micro-array gene expression experiment comparing 
normal and cancerous breast tissue. 

Methods 

MedGene Database. MedGene is a relational database, stor- 
ing disease and gene information from NCBI, text mining re- 
sults, statistical scores, and hyperlinks to the primary lit- 
erature. MedGene has a web-based user interface for users to 
query the database (http://hipseq.med.harvard.edu/MedGene/). 

Text Mining Algorithms. MeSH files were downloaded from 
the MeSH web site at NLM (Nation Library of Medicine) (http:// 
www.nlm.nih.gov/mesh/meshhpme.html) and human disease 
categories were selected. LocusLink files were downloaded from 
the LocusLink web site at NCBI (http://www.ncbi.nih.gov/ 
LocusLink/). Official/preferred gene symbol, official/preferred 
gene name, and gene alternative symbols and names, all 
relevant annotations and URLs for each LocusLink record, were 
collected. Gene search terms were used for literature searching 
and included all qualified gene names, gene symbols, and gene 
family terms. Primary gene keys, predominantly qualified gene 
family terms and gene official/preferred symbols, were used 
to index Medline records. If the official/preferred gene symbols 
did not meet the standards to be an index, then qualified gene 
official/preferred names were used. A local copy of Medline 
records (up to July, 2002) was pre-selected. 

A JAVA module examined the MeSH terms and then indexed 
each Medline record with the appropriate disease terms. A 
separate JAVA module was used to examine the titles and 
abstracts for gene search terms and then to index the gene- 
related Medline records with the relevant primary gene key(s). 

Statistical Methods. For every gene and disease pair, we 
counted records that were indexed for both gene and disease 
(double positive hits), for disease only (disease single hits), for 
gene only (gene single hits), and for neither gene nor disease 
(double negative hits) to generate a 2 x 2 contingency table. 
On the basis of the contingency table-framework, we applied 
different statistical methods to estimate the strength of gene- 
disease relationships and evaluated the results. These methods 
included chi-square analysis, Fisher's exact probabilities, rela- 
tive risk of gene, and relative risk of disease 16 (http:// 
hipseq.med.harvard.edu/MedGene/). In addition, we computed 
the "product of frequency", which is the product of the 
proportion of disease/gene double hits to disease single hits 
and the proportion of disease/gene double hits to gene single 
hits. To obtain a normal distribution, we transformed all the 
statistical scores using the natural logarithm. We selected the 
log of the product of frequency (LPF) to validate MedGene and 
to use for the analysis with the micro-array data. Spearman 
rank-correlation coefficients were used to assess the linear 
relationship between LPF and micro-array fold change in 
expression level. 

Global Analysis. Diseases with at least 50 related genes were 
selected for clustering analysis, and the LPF scores were 
normalized with total score for each disease. Hierarchical 
clustering was done with the "Cluster" software and the 
clustering result was visualized using TreeViewer" (http:// 
rana.lbl.gov/EisenSoftware.htm). 
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Breast Tissue Micro-Arrays. Eighty-nine breast cancer 
samples (79% ER- positive) and 7 normal breast tissue samples 
were selected from the Harvard Breast SPORE frozen tissue 
repository and were representative of the spectrum of histo- 
logical types, grades, and hormone receptor immuno-pheno- 
types of breast cancer. Biotinylated cRNA, generated from the 
total RNA extracted from the bulk tumor, was hybridized to 
Affymetrix U95A oligo-nucleotide micro- arrays. These micro- 
arrays consist of 12 400 probes, which represent approximately 
9000 genes. Raw expression values were obtained using GENE- 
CHIP software from Affymetrix, and then further analyzed using 
the DNA-Chip Analyzer (dChlp) custom software. 

Results 

Automated Indexing of Medline Records by Disease and 
Gene. To study the gene-disease associations in the literature, 
we first compiled complete lists for human diseases and human 
genes. To index all Medline records that were relevant to 
human diseases, the Medical Subject Heading (MeSH) index 
of Medline records was utilized. MeSH is a controlled medical 
vocabulary from the National Library of Medicine and consists 
of a set of terms or subject headings that are arranged in both 
an alphabetic and an hierarchical structure. Medline records 
are reviewed manually and MeSH terms are added to each with 
software assistance. 9,10 Twenty- three human disease category 
headings along with all of their child terms (see the Supporting 
Information, Supplemental Table 1, or visit http://hipseq. 
med.harvard.edu/MedGene/publication/s_Table l.htmQ were 
selected from the 2002 MeSH index creating a list of 4033 
human diseases. 

No index comparable to the MeSH index exists for genes, 
and thus, it was necessary to apply a string search algorithm 
for gene names or symbols found in Medline text. A complete 
list of genes, gene names, gene symbols, and frequently used 
synonyms were collected from the LocusLink database at 
NCBI, 11 12 which contains 53 259 independent records keyed 
by an official gene symbol or name (June 18 th , 2002). For the 
purposes of this study, no distinction was made between genes 
and their gene products. Authors often use the same name for 
both, differentiating the two only by the use of italics, if at all. 
For the intended use of this study, this lack of distinction is 
unlikely to have a large effect and may In fact be beneficial 

Initial attempts to search the literature using these lists 
revealed several sources of false positives and false negatives 
(Table 1). False positives primarily arose when the searched 
term had other meanings, whereas false negatives arose from 
syntax discrepancies necessitating the development of filters 
to reduce these errors. The syntax issues were readily handled 
by including alternate syntax forms in the search terms. The 
false positive cases, caused by duplicative and unrelated 
meanings for the terms, were more difficult to manage. Where 
possible, case sensitive string mapping reduced inappropriate 
citations. In many cases, however, this was not sufficient and 
the terms had to be eliminated entirely, thereby reducing the 
false positive rate but unavoidably under-representing some 
genes. 

For the purposes of data tracking, a primary gene key was 
selected to represent all synonyms that correspond to each 
gene. Medline records were indexed with a primary gene key 
when any synonym for that key was found in the title or 
abstract. Case-insensitive string mapping was used for all 
searches except as noted above. No additional weight was 
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Table 1. Systematic Sources of False Positives and False Negatives in Unfiltered Data* 
source of error error type example 



gene symbol/name 
is not unique 



gene symbol is 

unrelated abbreviation 
gene symbol/name 

has language meaning 
nonstandard syntax 
unofficial gene name/symbol 
nonspecified gene name 



false positive 



false positive 

false positive 

false negative 
false negative 
false negative 



MA G— myelin 

associated glycoprotein 
MA G— malignancy-associated 

protein 

PA— pallid homologue (mouse), 

pallid in (also abbrev. for Pennsylvania) 
WttS-Wiskott-Aldrich Syndrome 

(also the word "was") 
BAG-1 instead of BAG1 
P53 instead of TP53 
estrogen receptor instead of 

Estrogen receptor 1 



filter solution 
eliminate this term 



eliminate this term 
case-sensitive string search 

add dash term 

add all gene nicknames 

add family stem term 



In preliminary studies Medline was searched for co-occurrence of genes and diseases and the resulting output was evaluated to identify error sources that 
were amenable to global filters. Each error source is categorized by the type of error it causes: false positives are suggested relationships that are not real and 
false negatives are real relationships that are underrepresented. The filter solutions used are indicated Note that in some cases, the filter solution itself introduces 
errbr. In general error rates maximized sensitivity, even at the expense of specificity if needed 



added for multiple occurrences of a term or the co-occurrence 
of multiple synonyms for the same gene key. 

Medline records were searched with all qualified gene 
identifiers, such as the official/preferred gene symbol, the 
official/preferred gene name, all gene nicknames and all syntax 
variants. In situations where there are several members of a 
gene family or splice variants, some authors prefer to use a 
shortened gene family name, e.g., estrogen receptor instead of 
estrogen receptor 1 (ESRl), creating a source of false negatives. 
For this reason, gene family stem terms were created for all 
genes that have an alpha or numerical suffix (e.g., IL2RA, TGFfi, 
ESR1. etc.) and then used to search the literature. The family 
stem terms were handled separately from the specific gene 
names so that it would be clear when linkages were made to 
the gene family versus a specific member in that family. 

To improve performance and accuracy, some pre-selection 
was applied to the records that were scanned. First, review 
articles were eliminated to avoid redundant treatment of 
citations. Second, non-English journals were removed because 
the natural language filters were only relevant to English 
publications. Finally, journals unlikely to contain primary data 
about gene-disease relationships were also removed (e.g., Int. 
J. Health Educ. Bedside Nurse, and J, Health Econ). Together, 
these filters reduced the 12 198 221 Medline publications (July 
2002) by 37%. 

Ranking the Relative Strengths of Gene-Disease Associa- 
tions. In total, there were 618 708 gene-disease co-citations, 
in which 16% (8297) of all studied genes had been associated 
to a disease and 96% (3875) of all diseases had been associated 
to at least one gene. To rank the relative strengths of gene 
disease relationships, we tested several different statistical 
methods and examined the results. With the exception of the 
relative risk estimates, the methods provided similar results 
with respect to the rank order of the gene-disease association 
strengths. However, after comparing the results to other 
databases and after consulting disease experts, the log of the 
product of frequency (LPF) was selected for further analysis 
because it gave the best results overall. 

Validation of MedGene. In developing this tool, it was 
important to minimize the number of missed genes (false 
negatives) and miscalled genes (false positives). However, in 
situations when these goals were in conflict, inclusiveness was 
prioritized. To determine the false negative rate In MedGene, 
breast cancer was used as a test case because it was associated 
with more genes than any other human disease and because 




Figure 1. Estimation of the false negative rate by comparison 
with hand-curated databases. The breast cancer-related genes 
identified by MedGene were compared with those listed in 
several other databases including the Tumor Gene Database 
(TGD), 2 the Breast Cancer Gene Database(BCG), 1 GeneCards 
(GC) 17 and Swissprot 18 Genes were considered false negatives 
if they were represented in at least one of these other databases 
and not in MedGene and their link to breast cancer was sup- 
ported by at least one literature reference. All literature references 
were verified by manual review to confirm their validity. The 
number of genes in each database or shared by more than one 
database is indicated. The false negative rate was calculated by 
genes missed at MedGene (26)/total number of nonoverlapping 
genes in other databases (285). 

there were several public databases that link genes to breast 
cancer. We compared the list of breast cancer- related genes 
from MedGene to these databases, illustrated in Figure 1. 
Among the 285 distinct breast cancer-related genes that were 
supported by at least one literature citation in these hand- 
curated databases, 26 were absent from MedGene, suggesting 
a false negative rate of approximately 9%. To determine why 
these were missed, all literature references for these genes (80 
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papers) were reviewed manually (see the Supporting Informa- 
tion, Supplemental Table 2, or visit http://hipseq.med. 
harvard.edu/MedGene/publication/s_TabIe 2.html). Among 
these papers, most false negatives were caused by nonstandard 
gene terms or gene terms eliminated by our specificity filters. 
Few genes were missed because they were only mentioned in 
review papers (0.4%) or they appeared only in the body of the 
manuscript but not the abstract or title (1.1%). Of note, 
MedGene identified approximately 2000 additional breast 
cancer-related genes not listed in any other database. 

To assess the false positive error rate, two complementary 
approaches were used: a detailed analysis of one disease and 
a global examination of 1000 diseases. The detailed approach 
examined the false positive error rate and its sources, whereas 
the global approach tested whether the overall results made 
biomedical sense. 

Using the LPF, 1467 genes related to prostate cancer were 
assembled in rank order. We then retrieved approximately 300 
Medline records each for the highest ranked 100 and the lowest 
ranked 200 genes and manually reviewed the titles and 
abstracts to determine the verity of the association. Nearly 80% 
of the highest ranked 100 genes fell into one of the five 
categories that reflect meaningful gene-disease relationships 
(see the Supporting Information, Supplemental Table 3, or visit 
http://hipseq.med.harvard.edu/MedGene/publication/ 
s_Table 3.html). Among the lowest ranked 200 genes, ap- 
proximately 70% reflected true relationships. Of the 600 records 
reviewed, there were only two in which the association between 
the gene and the disease was described as negative. Both were 
genes with very low scores. In both cases, the authors did not 
argue the absence of any relationship, but rather that a 
particular feature of the gene or protein was not shown to be 
related to human prostate cancer. 1314 

The coincidence of some gene symbols with medical ab- 
breviations, chemical abbreviations and biological abbrevia- 
tions resulted in most of the false positives (see the Supporting 
Information. Supplemental Table 4, or visit http://hipse- 
q.m ed.harvard.edu/MedGene/publication/s_Table 4.html), em- 
phasizing the importance of the filters that were added in the 
search algorithm (Table 1). Without the filters, the false positive 
rate more than doubled, and the false negative rate rose 
dramatically (data not shown). For example, among the papers 
about breast cancer, there were only 1 2 Medline records that 
referred to ESRl and 10 to ESR2, whereas almost 2000 papers 
mentioned estrogen receptor without specifying ESRl or ESR2; 
this latter group was detected by the family stem term filter. 

To further validate these results, a global analysis of the gene- 
disease relationships described by MedGene was performed. 
For this experiment, it was reasoned that the more closely 
related the diseases are to one another, the more they will be 
related to the same gene sets. Thus, if the relationships defined 
by MedGene accurately reflected the literature, then an unsu- 
pervised hierarchical clustering of the gene data should group 
diseases in a manner consistent with common medical think- 
ing. Conversely, if the clustered diseases do not make sense 
biologically or medically, it may reflect excessive false positives, 
false negatives, or inappropriate scoring of the data. 

To execute this experiment, the gene sets and the corre- 
sponding LPF values for 1000 randomly selected diseases (each 
with at least 50 gene relationships) were used as a dataset for 
clustering the diseases. A review of the results showed that the 
resulting disease clusters were indeed logical based upon 
common medical knowledge (see the Supporting Information, 



Hu et al. 

Supplemental Figure 1 , or visit http://hipseq.med.harvard.edu/ 
MedGene/publication/s_Figure l.html). For example, In one 
such cluster shown in Figure 2, diabetes and its complications 
grouped together and were also closely linked to diseases 
associated with starvation states. 

The number of genes associated with a given disease can 
be estimated by adjusting the MedGene number up by the false 
negative rate (~9%) and down by the false positive rate (~26% 
on average). Using this, the average disease has 103.7 ± 45.3 
(mean ± s.d.) genes associated with it, although the range is 
quite broad with 2359 genes related to breast cancer, 2122 
genes related to lung cancer and no genes related to a number 
of diseases. 

Applying MedGene to the Analysis of Large Datasets. Access 
to a comprehensive summary of the genes linked to human 
diseases provided an opportunity to analyze data obtained from 
a high-throughput experiment. We compared the MedGene 
breast cancer gene list to a gene expression data set generated 
from a micro- array analysis comparing breast cancer and 
normal breast tissue samples. Micro-array analysis identified 
2286 genes that had greater than a 1-fold difference in mean 
expression level between breast cancer samples and normal 
breast samples. Using MedGene, we sorted the 2286 genes into 
four classes: 555 genes directly linked to breast cancer in the 
literature by gene term search (first-degree association by gene 
name); 328 genes directly linked by family term search (first- 
degree association by family term); 1021 genes linked to breast 
cancer only through other breast cancer genes (second- degree 
association); and 505 genes not previously associated with 
breast cancer. (See the Supporting Information, Supplemental 
Figure 2, or visit http://hipseq.med.harvard.edu/MedGene/ 
publication/s_Figure 2.html.) Among the 505 previously un- 
related genes, 467 were either newly identified genes or genes 
that had not previously been associated with any disease. 
Among the remaining 38 genes, 9 had been related to other 
cancers, specifically esophageal, colon, uterine, skin, and cervix. 

To determine whether the genes highlighted by the micro- 
array analysis were more likely to have been previously linked 
to breast cancer In the literature, we created a two-dimensional 
plot of the fold change of expression level between breast 
cancer and normal tissue versus the literature score (LPF) 
(Figure 3A). There was a broad spread of expression changes 
among the genes directly linked to breast cancer ranging from 
less than 1-fold change (68%) to over 40-fold (0.3%). Notably, 
the majority of genes with greater than 10- fold expression 
changes were linked to breast cancer by first- degree associa- 
tion. 

Among all 754 genes directly linked to breast cancer in the 
literature, there was no correlation between LPF and micro- 
array fold change (r— 0.018, p- value = 0.62). However, when 
we stratified the analysis based on the magnitude of the fold 
change, we observed an increasing trend in correlation (Figure 
3B) suggesting that genes with a more substantial change in 
expression level were more likely to have a stronger association 
in the literature. For genes that had 10- fold change or more in 
expression level, the correlation increased to 0.41 (p-value = 
0.05). 

When we evaluated the micro -array data separately for ER 
positive and ER negative tumors, the trend in correlation 
between fold change and literature score was highly dependent 
on estrogen receptor status. Interestingly, there was a similar 
trend in correlation for ER positive tumors, but no trend in 
correlation for ER negative tumors. 
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Figure 2. Global validation by clustering analysis. 2(A). The gene sets and the corresponding LPF values for 1000 diseases, each with 
at least 50 gene relationships, were used in an unsupervised clustering of the diseases based on the gene patterns associated with 
them. A sample of the data is shown here. 2(B). One of the resulting clusters is shown that corresponds to blood sugar states. Diabetes 
terms (above the line) and starvation states terms (under the line) clustered together. Within these groups, there is also clustering of 
diabetic small vessel complications, altered serum chemistries, nutritional disorders, etc.(Supplemental Figure 1: http://hipseq.med. 
harvard.edu/MedGene/publication/s_Figure 1 .html). 



Finally, to validate our findings, we computed similar cor- 
relations between the breast cancer expression data and 
LPF scores generated by MedGene for hypertension, a 



disease unrelated to breast cancer. As expected, we did not 
observe an increasing trend in correlation for hyperten- 
sion. 
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Figure 3. Relationship between literature score and functional data for breast cancer. 3 A. The data from an expression analysis of 
samples for breast tumors and normal breast tissue were analyzed to indicate the fold difference of expression level between breast 
tumor and normal sample (cutoff > 3-fold change). The fold changes were plotted against the literature score for the same gene set 
Green dots represent first-degree association by gene search, blue dots represent first-degree association by family search and red 
dots represent no-association. Some well-studied genes, such as BRCA2 (pink circle), are not reflected by a substantial difference in 
expression level. Furthermore, the majority of genes that have no association with breast cancer in the literature had less than 10-fold 
expression changes (shaded area). 3B. The Spearman rank-correlation coefficients between literature score (LPF) and the fold change 
of expression level between tumor and normal breast samples (y-axis) in relation to the amount of fold change of expression level 
(x-axis). Gene rank lists were generated for breast cancer (blue) and hypertension (pink). Correlations were also computed between 
the breast cancer gene LPF scores and fold change expression data among estrogen receptor positive tumors only (light blue) and 
estrogen receptor negative tumors only (purple). 
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Table 2. Top 25 Genes Related to Selected Human Diseases 8 



breast neoolasms 


hypertension 


rheumatoid arthritis 


bipolar disorder 


atherosclerosis 


estrogen receptor 


REN 


RA 


ERDA1 


apolipoprotein 


PGR 


DBP 


TNFRSFWA 


SNAP29 


APOE 


ERBB2 


IMP 


CRP 


PFKL 


LDLR 


BRCA1 


AGT 


AS 


DRD2 


ELN 


BRCA2 


INS 


ESR1 


TRH 


ARG1 


EGFR 


kallikrein 


HLA-DRB1 


IMPA2 


APOB 


CYP19 


ACE 


DR1 


HTR3A 


AP0A1 


TFF1 


endothelin 


interleukin 


DRD3 


MSR1 


PSEN2 


S100A6 


TNF 


REM 


LPL 


TP53 


BDK 


IL6 


KCNN3 


P0N1 










plasminogen 


CES3 


DIANPH 


collagen 


DRD4 


activator inhibitor 


CEACAM5 


SARI 


ILIA 


HTR2C 


PLC 










vascular cell 


ERBB3 


PM 


ACR 


RELN 


adhesion molecule 


cyclin 


CD59 


TNFRSF12 


DBH 


AT0H1 


C0X5A 


ALB 


R2 


MAOA 


VWF 


cathepsin 


CYP11B2 


CHI3L1 


COMT 


INS 


ERBB4 


MAT2B 


IL8 


HTR2A 


ARG2 




angiotensin 








TRAM 


receptor 


interleukin 1 


SYNJ1 


ABCA1 






matrix 






CCND1 


AGTR2 


metaltoproteinase 


INPP1 


0LR1 


EGF 


NPPA 


interferon 


NEDD4L 


collagen 


MUC1 


LVM 


CD68 


FRA13C 


MCP 








transducer of 




insulin-like 


DBH 


IL4 


ERBB2 


lipoprotein 


BCL2 


NPY 


IL17 


BAIAP3 


APOA2 










intercellular 


mucin 


POMC 


MMP3 


ATP1B3 


adhesion molecule 


FGF3 


neuropeptide 


SIL 


DRD5 


RAB27A 



* MedGene results for the top 25 genes associated with breast neoplasms, hypertension, rheumatoid arthritis, bipolar disorder, and atherosclerosis, respectively, 
ranked by LPF scores. The hyperlink to all the papers co-citing the gene and the disease is available at MedGene website (http://hipseq.med.harvard.edu/ 
MedGene/). 



Discussion 

The Human Genome Project heralded a new era in biological 
research where the emphasis on understanding specific path- 
ways has expanded to global studies of genomic organization 
and biological systems. High- throughput technologies can 
provide novel insight into comprehensive biological function 
but also introduces new challenges. The utility of these 
technologies is limited to the ability to generate, analyze, and 
interpret large gene lists. MedGene, a relational database 
derived by mining the information in Medline, was created to 
address this need. MedGene users can query for a rank-ordered 
list of human gene-disease relationships (Table 2) for one or 
more diseases. Each entry is hyperlinked to the original papers 
supporting each association and to other relevant databases. 

MedGene is an innovative extension of previous text mining 
approaches. Perez-Iratxeta et al. used the GO annotation and 
their chromosomal locations to predict genes that may con- 
tribute to inherited disorders. 8 MedGene takes a broader view 
and Includes all diseases and all possible gene-disease relation- 
ships. Furthermore, MedGene utilizes co-citation to indicate a 
relationship rather than GO annotation, which Is limited to the 
subset of genes that have GO annotation. Our approach is 
complementary to that taken by Chaussabel and Sher, who 
used the frequency of co-cited terms to cluster genes into a 
hierarchy of gene-gene relationships. 6 

A unique aspect of this tool is the ability to assess the relative 
strengths of gene-disease relationships based on the frequency 
of both co-citation and single citation. This presupposes that 
most co-citations describe a positive association, often referred 
to as publication bias 15 and is supported by our observations 



that negative associations are rare (Supplemental Table 3: 
http://hipseq.med.harvard.edu/MedGene/publicatlon/s_Ta- 
ble 3.html). Of course, relationships established by frequency 
of co-citation do not necessarily represent a true biological link; 
however, it is strong evidence to support a true relationship. 

Another important feature of MedGene is the implementa- 
tion of software filters that substantially reduced the error rate. 
We estimate that less than 10% of all associations were missed 
and at least 70% of even the weakest associations were real. 
For this study, all of the filters that we applied were general 
ones, e.g., expanding the list of all gene names to address the 
different syntax forms used by different journals, eliminating 
gene names that correspond to common English words, etc. 
The majority of the remaining search term ambiguities were 
idiosyncratic and difficult to identify systematically without 
causing a significant rise in false negatives. Alternative ap- 
proaches, such as the examination of the nearest neighbor 
terms, need to be considered to further reduce the false positive 
rate. 

It is not uncommon to see expression changes in micro- 
array experiments as small as 2- fold reported in the literature. 
Even when these expression changes are statistically significant, 
it is not always clear if they are biologically meaningful. When 
comparing expression levels of disease to normal tissue, one 
expects an enrichment of known disease-related genes to 
appear in the altered expression group. MedGene provided a 
unique opportunity to test this notion in the context of existing 
knowledge on a novel breast cancer micro-array dataset. For 
genes displaying a 5- fold change or less in tumors compared 
to normal, there was no evidence of a correlation between 
altered gene expression and a known role in the disease. This 
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Table 3. Genes with Large Expression Changes in ER- but 
Not in ER+ Breast Tumors 



gene symbol 


told change (fcK+j 


tola cnange {e.k 


KRTHB1 


1.0 


610.8 


BRS3 


1.2 


89.4 


DKK1 

A*rA\A\ A 


1.2 


69.8 


zici 


1.9 


59.6 


TLR1 


1.0 


38.5 


KIAA0680 


2.6 


33.2 


CDKN1 


1 0 


30.6 


EBI2 


4 0 


27 9 


G7MB 


3 8 


21 9 


\JA i\io 


4 7 


18 6 




1 0 

A * V 


14.6 


MYOW 

JVJ A \SA \J 


1 6 


14 4 


LAD1 

AJmU A 


-1 0 

A * V 


13.5 


pnr p? 


4 2 


13 0 


HMG4 

l Mir A V7T 


4 4 


12.9 


BCL2L11 


-1.2 


12.3 


LRP8 


2 9 


12.2 


CCNR? 

VAJ£i 


1 0 


11 8 

A A *\J 


CCNP2 


4 0 


11 6 

A A ■ V 




—4 3 


11 1 




2 9 

td.it 


10 9 


HI Ft 
rjir<j 


3 0 


10 2 


SFPPTNH2 


4 6 


10 2 


YAP1 

1 r»A L 


1 0 


10 0 


IPhfP 
la n.sj 


-1 3 


-10 4 


TCP A?. 


-1 1 


-10 8 


TFF1 

A I A A 


1 3 

A * V 


-11.4 


cm 17 At 


— 4 1 


— IS 7 


POPS 


1.1 


-16.2 


BPAG1 


-4.6 


-22.3 


PDZK1 


-1.1 


-36.8 


VEGFC 


-2.8 


-51.5 


MUC6 


-1.4 


-64.9 


SERPINA5 


-1,0 


-83.1 


MEIS1 


-1.6 


-85.9 


CA12 


2.4 


-150.3 



Table 3. MedGene identified a set of relatively understudied, yet highly 
expressed genes in ER negative, but not ER positive breast tumors. All of 
these genes have either never been co-cited with breast cancer or have a 
weak association except those marked with an \ 



reflects the many genes whose role in breast cancer may not 
involve large changes in expression in sporadic tumors (e.g., 
BRCA1 and BRCA2) and genes whose modest changes in 
expression may be unrelated to the disease. Strikingly, among 
genes with a 10- fold change or more in expression level, there 
was a strong and significant correlation between expression 
level and a published role in the disease, providing the first 
global validation of the micro-array approach to identifying 
disease-specific genes. 

The results derived from MedGene have two implications. 
First, a careful hunt for corroborating evidence of a role in 
breast cancer should precede any further study of genes with 
less than 5- fold expression level changes. Second, any genes 
with 10- fold changes or more are likely to be related to breast 
cancer and warrant attention. It is likely that this threshold will 
change depending on the disease as well as the experiment. 

Interestingly, the observed correlation was only found among 
ER-posltive tumors, not ER- negative. This may reflect a bias 
in the literature to study the more prevalent type of tumor in 
the population. Furthermore, this emphasizes that caution 
must be taken when interpreting experiments that may contain 
subpopulations that behave very differently. The MedGene 
approach identified a set of relatively understudied, yet highly 
expressed genes in ER- negative tumors that are worthy of 
further examination (Table 3). 



In conclusion, we have developed an automated method of 
summarizing and organizing the vast biomedical literature. To 
our knowledge, the resulting database is the most comprehen- 
sive and accurate of its kind. By generating a score that reflects 
the strength of the association, it provides an important tool 
for the rapid and flexible analysis of large datasets from various 
high-throughput screening experiments. Furthermore, it can 
be used for selecting subsets of genes for functional studies, 
for building disease-specific arrays, for looking at genes com- 
mon to multiple diseases and various other high-throughput 
applications. In the future, it will be possible to enhance the 
utility of the MedGene database by building links between 
genes and other MeSH terms as well as other biological 
processes and concepts, such as cell division and responses to 
small molecules. 
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results showing that among the 505 previously unrelated genes, 
467 were either newly identified genes or genes that had not 
previously been associated with any disease (Supplemental 
Figure 2). This material is available free of charge via the 
Internet at http://pubs.acs.org and at the web sites mentioned 
in the text. 
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Genomic and proteomic analysis of the myeloid differentiation program 
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Peter E. Newburger, Nancy Berliner, and Sherman M. Welssman 



sfve catalog was prepared of the gene 
expression changes that occur during 
morphologic maturation. To do this, 3'- 
end differential display, oligonucleotide 
chip array hybridization, and 2-dimen- 
sional protein electrophoresis were used. 
A large number of genes whose mRNA 
levels are modulated during differentia- 
tion of MPRO cells were Identified. The 
results suggest the Involvement of sev- 
eral transcription regulatory factors not 



previously implicated In this process, but 
they also emphasize the importance of 
events other than the production of new 
transcription factors. Furthermore, gene 
expression patterns were compared at 
the level of mRNA and protein, and the 
correlation between 2 parameters was 
studied. (Blood. 2001;98:513-524) 
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Although the mature neutrophil Is one of 
the better characterized mammalian cell 
types, the mechanisms of myeloid differ- 
entiation are Incompletely understood at 
the molecular level. A mouse promyelo- 
cyte cell line (MPRO), derived from mu- 
rine bone marrow celts and arrested devel- 
opmental^ by a dominant-negative 
retinoic acid receptor, morphologically 
differentiates to mature neutrophils In the 
presence of 10 retinofc acid. An exten* 

Introduction 

Studies of normal myeloid maturation from many laboratories have 
identified genes that may play critical roles in myeloid differentia- 
tion. 1 " 4 Current studies suggest that these events are dependent on a 
cascade of molecular changes that involve complex modulation of 
mRNA transcription. Furthermore, studies of acute leukemia have 
suggested that the disease arises from the accumulation of myeloid 
precursors arrested at early stages of differentiation and associated, 
in many cases, with chromosomal rearrangements that alter the 
structure of specific transcription factors. 5 Nevertheless, the molecu- 
lar events underlying the production of mature myeloid cells arc 
not well understood and appear to use interacting pathways and 
networks, the elucidation of which requires an extensive descrip- 
tion of the molecular components available to the myeloid cell. 

An extensive body of information is accumulating with respect 
to gene expression profiles of mammalian cells. However, much of 
the information available in public databases has been accumulated 
by the use of techniques such as single oligonucleotide chips or 
cDNA arrays that measure fewer than 6000 of potentially 30 000 to 
i 20 000 transcripts. The more 1 united range of analyses repotted by 
the serial analysis of gene expression (SAGE) 6 - 7 technique accu- 
rately estimates changes in levels of the more abundant mRNAs but 
requires extensive redundant analyses to measure changes in the 
patterns of expression of scarce mRNAs. We have used a modified 
polymerase chain reaction (PCR)-based cDNA differential display 
(DD) method in which single restriction fragments derived from 
the 3' end of cDNAs are separated on a sequencing gel. 8 ' 9 Bands 
rVom the gel can be identified initially by sequencing, but then 



comparison of "patterns from different samples can be made without 
further sequencing. This sensitive and reproducible method detects, 
in principle, most cDNAs regardless of whether they arc repre- 
sented in existing databases. 

Systematic analysis of the function of genes can also be 
performed at the protein level. This approach has the advantage of 
being closest to function, because proteins perform most of the 
reactions necessary for the cell. The most common method of 
protcome analysis is the combination of 2-dimensional gel electro- 
phoresis (2DE)1o separate and visualize protein and mass spectrom- 
etry (MS) for protein identification. 10 Several such analyses of 
yeast and of normal or malignant mammalian cells have been 
performed. To date, however, there have been few studies in which 
both mRNA and protein have been compared by applying analyses 
to the same samples. The studies of Anderson 11 and Gygi 12 showed 
that there is not a good correlation between mRNA and protein 
levels, in yeast or human liver cells. However, other analyses 
disagree with this conclusion (Greenbaum el al, manuscript 
submitted, and Futcher et al 14 ). Furthermore, global correlations 
between changes in mRNA and protein levels have not been 
examined during the execution of any developmental program. 

The MPRO cell line was derived by transduction of a dominant- 
negative retinoic acid receptor construct into normal mouse bone 
marrow cells. It is a granulocyte-macrophage colony-stimulating 
factor (GM-CSF)-dependent line arrested at a promyelocyte stage 
of development. 15 ' 16 After treatment with dX-trans retinoic acid 
(ATRA) most of the cells acquire the morphology of mature 
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neutrophils and begin to produce neutrophil lactofemn and gelati- 
nase, 2 proteins characteristic of neutrophil secondary granules. 17 
As such, it offers a valuable model for studying neutrophil 
differentiation in vitro. 

We now report the analysis of mRNA expression changes 
during the process of MPRO cell maturation to neutrophils and 
compare the results with a limited analysis of cellular protein 
composition. mRNA expression changes were studied by combin- 
ing the use of oligonucleotide arrays and DD. A database (dbMC) 
with comprehensive genomic information for myeloid differentia- 
tion program was constructed (accessible at http://www.bioinfo.mbb. 
yale.edu/expression/iieutrophil). We have grouped the changes in 
mRNA levels of a large number of genes into 6 patterns, with 
implications for the genetic program of myeloid differentiation. 

We also compared 2 -dimensional high-resolution gel electro- 
phoretograms from control cells and cells differentiated for 72 
hours in the presence of ATRA. FifVy protein spots whose relative 
intensity changed prominently during differentiation were exam- 
ined by mass spectrometry. The results suggest a poor correlation 
between mRNA expression and protein abundance, indicating 
that it may be difficult to extrapolate directly from individual 
mRNA changes to corresponding ones in protein levels (as 
estimated from 2DE). 



Materials and methods 

Cell lines 

MPRO cells and HM-5 cells provided by Dr Schickwann Tsai (Fred 
Hutchinson Cancer Research Center, Seattle, WA) 15 were used throughout 
the study. The cells proliferated continuously as a GM-CSF-depcndent cell 
line at 37 n C in Tscoves modified Dulbecco medium (Gibco BRL, Grand 
Island, NY) supplemented with 5% to 10% fetal calf serum (Gibco BRL) 
and 10% HM-5-conditioned medium as a source of GM -CSV. Morphologic 
differentiation of the blocked MPRO promyelocyte;* was induced by 
treatment with 10 fiM ATRA (Sigma, St Louis, MO). Controls were 
cultured in the absence of ATRA hut with die same volume of ve- 
hicle (cthanot). 

RNA Isolation and differential display 

After exposure to 10 pM ATRA for 0, 24, 43, or 72 hours, total ccllular 
RNA was isolated from MPRO cells using TRJzol reagent (Life Technolo- 
gies, Gaithersburg, MD). cDNA was then synthesized using a T-7 Sal-OJigo 
d(T) 32 primer as described previously.*-'* The doublc-siranded cDNA was 
digested with 1 of 9 different restriction enzymes {Apa\, Bglll, JfomHI, 
Eagl, EcoRX, HindUl, Xbol> Kptil, and Sphl) and ligated to Y-shaped 
adaptors with a complementary overhang. DNA fragments were then 
amplified by PCR as described previously. 1 *' 18 PCR products were separated 
on a sequencing gel of 6% polyacrylamide with 7 M urea. The gel was dried 
and exposed to x-ray film. Genes from differential display gels, whose 
maximum intensity changes equaled 2+ on a scale of It to 8 + , were 
recorded as significantly changed. 1 - Individual DNA bands were recovered 
from the gels, amplified by PCR, and sequenced. 

Oligonucleotide chip analysis of RNA samples 

Ten micrograms total RNA from each sample (0, 24, 48, or 72 hours) was 
used to prepare cDNA. This cDNA was transcribed with T7 RNA 
polymerase to prepare a fluorcseently labeled probe. 2 * 21 Each sample was 
hybridized to mouse array chip (MulIK Array; Aflymetrix, Santa Clara, 
CA) containing oligonucleotide probe sets corresponding to approximately 
7000 known genes or HSTs represented by UniGcne clusters, 22 cDNAs 
were considered present if their probe set results were rated as such by the 
GeneClitp software (Affymetrix) and if the average difference (AD) 
between perfect match and mismatch probe pairs was not less 100 U. If a 



gene was represented by more than one array probe set, the average of all 
probe sets for the gene was taken. Genes with AD values between 100 and 
200 were considered unchanged because of their low expression levels. 
Those genes with AD values equal to or more than 200 U at one rime point 
were further studied by rescaJing, threshold, and normalization methods 
described in the MIT Center for Genome Research Web site. 13 A value of 20 
was assigned to any gene with an AD below 20 at some time point. 

Bioinformatics and database development 

All the sequences cr gene fragments were searched using Blast against 
GenBank and TIGR gene indices. A database of genes or ESTs whose 
expression levels changed during myeloid differentiation was constructed 
containing in formation for each band or gene. This included GenBank 
matches, Locus Link or Unigene clusters, expression patterns, tissue 
distribution, synonym(s) protein uame, gene nanie(s), notations of possible 
functions, poly A signal and sequence quality, and hyperlinks to the 
database searches, sequence trace riles, and related references. All gene data 
were then gathered into a ctuster file. Supplementary information is 
available at http://biotnfo.mbb.yale.edu/expression/neutrophil. 

Classification and analysis of DNA fragments 

Sequences from differential display analyses were classified as representing 
known genes, ESTTs, genomic sequences, or novel genes as described. 1 '- 13 
Known genes from both differential display and arrays were clustered into 
27 functional categories and searched against SWISS-PROT (http:// 
www.expasy.ebr.nre.cWcgi-biii/sprot-semch-rul) or PIR (bttp^/www.pjr. 
georgctown.edu/). Information such as function, subcellular location, 
family und super family classiti cation, map position, similarity, synnnym(s) 
protein name, gene name(s), and so on was recorded in a variety 
of databases. 

Northern blot analysis 

Thirty micrograms total cellular RNA per lane from time-course MPRO 
cells were loaded onto 1.2% form aldehyde -agarose gels, then transferred to 
Hybond-N+ membranes (Amersham Pharmacia Biotech, Uppsala, Swe- 
den). Alter standard prehybridization, membranes were hybridized over- 
night at 65°C with radiolabeled cDNA probes (ordered from Research 
Genetics according to their dbEST Tmagc ID). M embranes were washed at a 
final stringency of 60°C in 0.1 X SSC. 

Immobilized pH gradient 2-dimenslonal gel electrophoresis 
and mass spectrometry 

Induced MPRO cells collected at 0 and 72 hours were lysed with lysis 
buffer (540 mg urea, 20 mg dithiothrcitot, 20 pLPharmaJylc [3- 1 0], 1.4 my 
phenylmethylsulfonyl fluoride, 1 u,g each aproitnin, leupepttn, pepstatm A, 
and antipain 50 |ig TLCK, and 100 p-g TPCK71 mL). We applied 100 p.L 
each MPRO cell rysate (2.5 X I0\-ells/i00 pL) to immobilized pH 
gradient (IPG) su ips (pH 3- 10 L; Amersham Pharmacia Biotech), and IPG 
electrophoresis was conducted for \C hours (20 100 Vbj using an Inimobi- 
line Drystrip Kit (Amersham Pharmacia Biotech). Electrophoresis in the 
second dimension was carried out in a 12% sodium dodccyl sulfatc- 
poryacrylamtde gel electrophoresis (SDS-PAGE) gel with the Laemmli- 
SDS continuous system m a Protean U xi 2-D cell (Bio-Rad) run at 40 mA 
constant current for 4.5 hours. Proteins were detected by Brilliant Blue 
G-coIloidal staining. 14 Protein spots were excised from the gel and digested 
with trypsin- ACTH clip (average [M+H] 2466.70) and bradykinin 
(average [M+H] 1 06 1 .23) were used for calibration of peptide masses. One 
microliter sample digest was mixed with 1.0 p,L a-cyano-4 -hydroxy 
cinnamic acid (4.5 mg/mL in 50% CrT 3 CN. 0.05% TFA) matrix Solution and 
I pL cali brants (100 finol) each. The spectra of the peptides were acquired 
in reflector/delayed extraction mode on a Voyagcr-DE STR mass spectrom- 
eter (Perseptive Biosysttms, Foster City, CA). Peptides were identified 
using the ProFound search engine. 39 
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Results 

Differentiation of MPRO cells 

Figure I illustrates the morphologic, changes in an MPRO celt 
population representative of those used for RNA expression 
analysis. Undifferentiated MPRO cells resembled promyelocytes 
under the light microscope (Figure 1 A). A fter induction witUATRA 
for 24 hours, the cells morphologically differentiated into metamy- 
elocytes (Figure IB). At 48 hours, the cells further developed 
into metamyelocytes and band neutrophils (Figure IC). At 72 
hours, nearly 100% of MPRO cells became mature neutrophils 
(Figure ID). 

Identification of mRNAs by differential display assay 

MPRO cellular mRNA was analyzed at 0, 24, 48, and 72 hours after 
ATRA treatment. Nine restriction enzymes were used in a 3 '-end 
DO approach. During MPRO differentiation, 1109 fragments 
corresponding to 837 transcripts were found to change substan- 
tially in expression levels (Figure 2). These represented approxi- 
mately 279 known genes, 112 ESTs, and 59 putative new genes, 
each with a perfect or fair polyadenylation signal at an appropriate 
distance from the oligo-dT priming site. The gene information 
detected by DD was collected in database dbMCd. 

Identification of mRNAs by oligonucleotide chip assay 

We used an oligonucleotide chip containing 13 179 probe sets 
corresponding to approximately 7000 murine genes to analyze 
patterns of mRNA expression in the same RNA samples used "for „ 
DD. The information obtained by oligonucleotide arrays was 
collected in the database dbMCa. 

We clustered the genes by their similarity to idealized 
expression patterns. For instance, the expression pattern of an 
ideal gene that is ovcrexpressed (high) at time 0 and unde rex- 
pressed (low) at 24, 48, and 72 hours, would be high-low-low- 
low (HLLL). Overall wc have (2 4 -2) idealized patterns exclud- 
ing HHHH and LXLL. Pearson correlation was used as the 




figure 1. Morphology of MPRO cells during differentiation. MPRO cells ware 
induced as described in 'Materials and methods * concentrated by cytospln, and 
Wright-Giemsa stained. (A) Uninduced MPRO ceils. (B) MPRO cells induced with 
ATRA for 24 hours. (C) MPRO cells Induced with ATRA for 48 hours. (D) MPRO cells 
fnduced with ATRA for 72 hours. 




Figure 2. Distribution of genes obtained by DD assay. MPRO cell mRNA was 
analyzed at 0, 24, 48, and 72 hours after ATRA treatment; 1109 fragments 
corneepondtng to &37 tran&cripts were found to change substantially in expression 
levels. The total 837 transcripts were classified into 6 categories according to the 
bfoinformatic analysis. Percentages show the gene distributions in these 6 catego- 
ries. Information for each transcript was collected in database dbMCd. 

measure of similarity of each gene expression pattern, 
x = (x !r )fv J .T V r 4 ) to each of the 14 idealized patterns 
}' — {yi^ztVj^)- The 4 entries of x and y corresponded to the 
4- dimensional gene expression levels at 0, 24, 48, and 72 hours, 
respectively. Each gene was assigned to a cluster labeled by the 
idealized pattern that had the maximal correlation with thai 
gene. We selected only genes that hybridized well compared 
with the background (considered "present" by GeneChip soft- 
ware) and had maximal AD amplitude greater than 200 U in at 
least I of the 4 stages. Wc further tabulated the 14 patterns 
according to whether the gene expression changed at early 
(0-hour), intermediate (24- and 48-hour), and late (72-hour) 
time points and whether gene expression monotonically in- 
creased (up-regulated), monotonically decreased (down-regu- 
lated), or was not monotonic (transient). Table 1 shows 8 
clusters of 104 genes that had significant changes of mRNA 
levels, arranged according to the temporal stage and the 
monotonic/transient changes of expression levels. 

Principal component analysis determined whether we could 
comprehensively present multidimensional data (^-dimensional in 
our case) in a simple 2-dimensional graph. First, we found the 4 
principal components, which were the axes of the most compact 
4-dimensional ellipsoid that encompassed the 4-dimensionaI cloud 
of data. Each axis was a different linear combination of the original 
4 variables. Then we verified that the first 2 principal components 
(the first 2 largest axes of the ellipsoid) captured most (95.2%) of 
the variation of the data. Therefore, the data could be faithfully 
projected (with a minor loss of information) into a 2-dimensional 
graph, with the 2 largest principal components as the x- and y-axes. 
As shown in Figure 3, genes tend to coalesce in clusters, according 
to their labels determined by their similarity to an ideal expression 
pattern. In summary, a genomic (global) picture of the distribution 
of genes according to their similarity to predetermined idealized 
multidimensional expression patterns is concisely displayed in a 
2-dimensional graph. 
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Table t. Genes differently regulated during tho different stag es of mouse promyelocyte cell line differentiation process 

Timing 



Category Early Middle Late 



Up-regulation 


LHHH (n = 10) 


LLHH (n - 6) 


ULH(n = 13) 




MsdP2rx1 ttgb2 111 r2 Lcn2 Hpr5 


Ph&l Cybb Pfc PiraS Cd53 \U\gt2 


111 a Csflrti Cte/S100a8 L-CCR Cfss 




Cebpb H2-D Etohi6 Zyx 




A)do1 Rac2 Fpii Ctsd Ubb Ptmb4 


Down-regulation 


HLLL (n - 11) 


HHLL (n = 1) 


HHHL (n = 37) 




Tcrg-v4 LyB4 Ctsg SpiM McpiQ 


Mpo 


Adx frf2EL2 Rpl19 Actb LySe Atf1 HIet2 




Myc Myb Tir4 Npm1 Erh Hsp60 

ft 


\ 


Psma2 Gnas Z(p36 ll4ra UbrShfdgl 
Max RpsB Csf2rbl Slpi Tctexl Tpl 3tf3 
Cmf Gys3 SldDal Ctsb Seppl Rtn3 
Ccr»b2 S 100a9 CfH Hist5-2ax Rels 
Copa Gstml Gnb2-re1 Gm RPL8 


Transient 




LLHL (n «• 9) 

Seil WT2Piia6 PlrbLstl Ltf Seaia4d Steffi Mmpg 
LHHL (n « 17) 

Ccbpa Lyze Fcyr3 MS Ump1 Stat3 Csf2re Osi 
Acto SfpH Gpx3 Ptprc Prtn3 Irf1 Rps6ka1 
LtWrMyln 





Arrays of Affymetrix Mu11k containing 13103 probe sets corresponding to 12002 GenBank accessions were used for hybridization. Arrays were hybridized wUh 
streptavidiivphycoerythrin (Molecular Probes) btotin-iabelcd RNA and scanned. Intensity for each feature or the array was captured using Genechip software (Aflyrnetrix), end 
a slngie raw expression level for each gene was derived from Ihe 20 probe pairs representing each gene using a trimmed mean algoritltm. For each gene, en AD of 24-, 4B-, and 
72-hour samples was calibrated by dividing the slope of the finear r-gressbn line for a graph with the x-axis the AD of 0-hoiir probe sets and the y-axte the AD of the respective 
time point (24, 46, or 72 hours). A threshold of 20 U was assigned to any genu with a calculated expression level below 20 because discrimination of expression below this lavel 
could nol be performed with confidence. 36 Each gene expression profile was categorized as described in TeWes 3, A, and 5. For the 4 time points, the minimum AD of the 
relatively higher group (MIN-H) was divided by the maximum AD of the relatively low group (MAX-U, and those genes whose MIN-H/MAX-L greater than ? were selected as 
meaningfully regulated. Genes were sorted tn descending order based on the MIN-H JMAX-L Genes In boldface are those whose expression level was In the top 20% (ie, 
maximum AD of 4 lime points greater than 3000), and genes in italics ore those in the bottom 20% (ie, maximum AD of 4 time points less than 300), The differentiation period 
was grouped Into 3 stages: early (0-hour), middle (24 -hour and 48-hour), and late (72-hour) stages. 

AD indicates average difference; gene symbols are expanded In an Appendix at the end of this article. 
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Figure 3. Gene dusters tn the finst 2 principal component spaces. Principal 
component analysis aliowed us to present the muttidimenslortal data (In this case. 
4-dimensiona; data of each gene expression pattern) tn a simple 2 -dimensional 
graph. We derived the 4 principal components, which are a linear combination of the 
standardized expression intensities (zero mean and unit variance) at 0, 24, 48. and 
72 hours. The first 2 principal components captured most of the variation of the data 
(approximately 85%). Therefore, the data can be displayed (with a minor loss of 
information) in a 2-dlmenstonal graph. The first and second principal components, cl and 
C2, p.ie given by the linear co;nbina-Jons o, = 0.747 • n1 - 0.11 - n2 - 0.656 • n3 + 0 • 
n4and Cj = 0278 • n1 +■ 0.353 ■ n2 +• 0233 • nZ - 0.863 * n4, where n1, n2, n3, 
end n4 are the reseated and standa;dtzed expression levels at 0, 24, 48, and 72 
hours, respectively. The axes legends d and c2 stand for the first 2 principal 
components. In this paper we used the Pearson correlation to measure the similarity 
of each gene with the idealized expression patterns, ss opposed to the Euctidean 
distance we used in a previous wot*, 19 because clusters were better separated using 
this measure. In both cases, we presented the data In the 2-dlmensbnai space of the 
lowest principal components. The data had a tendency to be circularly distributed 
when we used the Pearson correlation as a distance measure. 



Correlation between array and DD analyses 

We have previously demonstrated a correlation coefficient of 0.93 
between visual estimates of changes in band intensity on DD and 
Phosphorimager System (Molecular Dynamics, Sunnyvale, CA) 
estimates of band intensity and a correlation coefficient of 0.88 
between hybridization intensity changes of mRNA on Northern 
blot analyses and changes in band intensity on DD. 19 In a few cases 
there were clear discrepancies in the partem of expression of a 
gene, as estimated by DD and by oligonucleotide chip analysis. We 
chose the 6 most extreme cases and examined the levels of mRNA 
change for these genes by Northern blot analysis (Figure 4). In 5 
cases, the Northern blot results agreed with the results of the DD 
analysis, whereas the results of Gnb2-rsl disagreed with the 
oligonucleotide array but duplicate bands from DD showed a 
relatively high level of expression in the 0 time sample that did not 
correlate with the Northern blot (Table 2). One possible explana- 
tion for these findings was the change jn the relative use of different 
polyadenylation sites after the addition of ATRA to the MPRO cells. 

Constructing a database for mRNA level changes during 
myeloid differentiation 

Based on the data obtained above, an in-house database (dbMC) 
was constructed that included 2 subdatabases, dbMCd and dbMCa, 
for collecting gene information from DD or oligonucleotide arrays, 
respectively. Each entry in dbMC is accompanied by a so-called 
executive summary. The linkage between dbMCd and dbMCa was 
established by UniGene ID and cluster ID. dbMC contains the 
temporal expression patterns of genes during the MPRO cell 
differentiation process, including not only products represented in 
public databases but also novel transcripts. 
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Figure 4. Northern btot analysts of selected mRNAs. Equivalent amounts of RNA 
from MPRO celts Induced byATRA at different time points (0 hour, ?Ji hoars, 48 houis, 
and 72 hours) were resolved by formaldehyde-agarose gel electrophoresis, stained 
to verify the amount of loading. Eleven genes were separately probed on the RNA 
fitters. The gene symbol of each probe was listed at the left of a related Northern blot 
result. Detailed Information on these 11 probes was listed In Table 5. One of the 
RNA-btotted membrane photographs is shown with methylene blue-stained 23S and 
1B3 RNA subunits demonstrating the quality and quantity of RNA loaded In 
individual lanes. 



Analysis of gene expression patterns during MPRO 
differentiation 

Many of the genes identified in this study were found in myeloid 
cells or were implicated in myeloid development for the first time. 
We detected 8 cytokines 25 and chemokines whose mRNA levels 
changed more than 5-fold by arrays and 2-fold by DD during the 
maturation of MPRO cells (see our Web site, httpr/foioinfo.mbb. 




yale.edu/cxpression/neutrophil). Among these were 2 members of 
the CC chemokine family. Interleukin-1 a (IL-la) was up-regulated 
at the late stage of diifereniiation (LLLH pattern, Table 1 ). 

mRNA for approximately 52 receptors was detected by one or 
the other method. Anumber of the receptors known to be present on 
mature neutrophils showed late induction of mRNA, and their 
levels of induction were high, indicating that the expression of 
these products is a prominent event late in neutrophil maturation 
(Table 3), Rarely was mRNA for receptors down-regulated, 
consistent with myeloid maturation being accompanied by increas- 
ing responsiveness of the cell to a variety of external stimuli. 

Expression of mRNA for granule proteins 

Neutrophils contain several types of granules that develop at 
different stages of myeloid maturation. 3 ' 17 ^ Levels of mRNAs 
encoding secondary granule proteins, such as lactoferrin, increased 
as the cells matured (Table 4). The level of mRNA for Mmp9, 
reported as a tertiary granule protein, increased markedly between 
24 and 48 hours after the induction of differentiation, whereas 
mRNAs for secondary granule proteins either increased less 
markedly or showed a maximum increase by 24 hours. mRNAs for 
several primary granule constituents, such as myeloperoxidase and 
cathepsin G, were present in unstimulated cells and decreased as 
the cells matured. There was a discrepancy in the measurements of 
proteoglycan mRNA by DD and oligonucleotide chips, but North- 
ern blots showed that it reached a peak at 48 hours and then 
declined (Figure 4). Cathepsin D is reported as a primary granule 
protein, but its pattern of mRNA expression more closely re- 
sembled that of secondary granule constituents. In addition to 
known granule components, mRNAs for several other cathepsins 
were up-regulated during myeloid differential ion, in parallel with 
or later than the tertiary granule protein mRNAs. 

mRNAs for transcription factors 

Transcription factor genes, including several identified at the sites 
of consistent chromosome rearrangements in acute myeloid leuke- 
mia, have been implicated in normal myeloid differentiation and in 
the expression of neutrophil proteins. 2,5,27 However comprehensive 
information concerning the expression of these transcription fac- 
tors during myeloid development is not readily available. There- 
fore, we compared gene names and identifiers in our databases io 
those of the transcription factor database Transfac (http:// 



Table 2. Expression patterns of genes detected by Northern blot analysis 



Gene 


Gene 




AD value by array 






Intensity by DD 




symbol 


accession 


Oh 


24 h 


48 h 


72 h 


Oh 


24 h 


48 h 


72 h 


Cebpa 


M62362 


33 


212 


162 


41 










Cebpb 


X62600 


390 


1248 


1380 


1993 










Cebpd 


X61B00 


157 


262 


168 


<30 










Cebpe 




















Myb 


M12848 


892 


356 


230 


435 










Slpl 


U73004 


617 


501 


783 


402 


1 


2 


3 


3 


Pro3 


W45H34 


153 


259 


339 


345 


S 


1 


1 


2 


Gnb2-rs1 


X75313 


4231 


3623 


3215 


3403 


4 


4 


i 


1 


Ly6e 


U0426B 


3061 


5391 


2844 


1262 


3 


2 


1 


1 


Lsp1 


M90316 


65 


376 


640 


2B 


2 


3 


5 


6 


Actb 


X0376S 


309S 


358S 


3976 


2434 


1 


2 


3 


2 



Gene symbol end gene accession refer tc National Center for Biotechnology Information databases and, in particular, to Locus Link. AO value is the average difference In 
the value of hybridization ihtnnslty between the set of perfectly matched ottgonuciectides and the set of mismatched oligonucleotide In the oligonucleotide array. Band 
intensities from DD were semiquantified on a scale from 1 (+)io 6 (+ + + + + + ++). ThBse estimates are shown as boldface numbers in (his table. 19 Both AD value end 
intensity of genes were studied at 4 time points corresponding to MPRO ceils Induced for the indicated times. 

DD Indicates differential display; MPRO, mouse promyelocyte cell fine; for gene symbols, see the Appendix at the end of this article. 
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Table 3. Receptors expressed during myeloid differentiation prooess 



AD value by array 



Maximal fold change 



Gene symbol 



Gene accession 



Oh 



24 h 



48 h 



72 h 



Less than ?. 



2 or more, less than 3 



3 or more, less than 4 



A or more, less than 5 



5 or more 



Bzrp 

Cmkar4 

Ory 

Cef2rh1 

HtrSa 

MGpr 

MFPIR 

TCRGB 

Tnfrefla 

Cmkbrl 

Crhr 

Csf2ro 

Ebl3 

Gridi 

tfngr 

Ii2rfl 

Ld:r 

P40-8 

Ptaur 

Rarg 

Srbi 

Cr2 

Csf2rb2 
Fcerlg 
Fcgr2b 
tfngr2 



D21207 

K9S5Q1 

M34173 

M34397 

Z18273 

K64068 

AA1167B9 

M2S053 

M59377 

U28404 

X72305 

MB507B 

AF013114 

D10171 

.I0S26S 

U21795 

K64414 

J02870 

X62701 

M34476 

U37799 , 

M282B1 

M29855 

J05020 

X0464B 

U69599 



641 
5GB 
433 
316 
166 
536 
232 
165 
0 

221 
121 
171 
187 
128 
141 
205 
1399 
649 
312 
102 
126 

83 
209 
23S8 
1703 
1 



658 
447 
384 
345 
272 
409 
64 
212 
1 

244 
200 
372 
270 
164 
263 
1B4 
1653 
677 
443 
113 
232 

136 
249 
2766 
1652 
2 



681 
378 
506 
410 
273 
408 
63 
244 
1 

504 
250 
402 
428 
150 
327 
231 
1665 
381 
476 
114 
132 

243 
437 
3365 
1431 
2 



667 
684 
506 
241 
339 
649 
361 
299 
1 

638 
355 
254 
148 
257 
251 
477 
3968 
640 
734 
218 
258 

77 
111 
6751 
4605 

* 

3 



Nr4at 


XI 6995 


66 


188 


202 


401 


I11r2 


X59769 


482 


1796 


2672 


3816 


C5r1 


L0G630 


185 


434 


808 


1078 


Drd2 


K55674 


0 


0 


0 


219 


Fcgr3 


M14215 


1 


1 


1 


2 


Fpii 


L22161 


0 


69 


141 


671 


GCR 


AA24D71 1 


2 


0 


0 


0 


L-CCR 


AA034646 


48 


175 


314 


2056 


NMDARGG 


AAB20211 


2 


2 


0 


0 


P2nct 


X64696 


79 


346 


530 


744 


Piral 


U96632 


0 


43 


172 


376 


PiraS 


U966B6 


274 


391 


954 


1674 


PiraG 


U96687 


122 


635 


2014 


171G 


Pfrb 


U96689 


191 


44S 


.966 


747 


Sell 


M25324 


46 


104 


570 


20 


Tcrg-V4 


M54993 


1650 


78 


65 


315 



Receptors ere identified as present whose maximal AD values were more lhan or equal to 2Q0 U in this study. Genes were sorted by their expression patterns as follows: 
first by the average difference value, then by the difference between minimum and maximum AO for the 4 time points, and last by the alphabetical order of gene symbols. Genes 
were ordered according to the maximal fold change of AD values. Abbreviations of gene names are taken from gene symbols listed in the Locus Link portion of the National 
Center for Biotechnology Information database whe.re available. Numbers in hold dennte those gene expression patterns obtained by differential display rather than hy 
oligonucleotide array assays. The other information is presented as in the legend to Table 2. 

AD indicates average difference; gene symbols are expanded In an Appendix at the end of this article. 



www.transfac.gbf-braiinschweig.de/TRANSFAC) and determined 
which factors contained in this database were present at detectable 
levels in MPRO cell mRNA, using ArTymctrix software for the 
criteria for inclusion of mRNAs from approximately 200 murine 
transcription factors probe sets on the oligonucleotide chip. Of 
these, 5-1 were expressed and 1 3 showed changes of 3-fold or more 
in chip signal (Table 5). 

The changes in certain transcription factors, such as the moderate 
down-regulation of myb and myc and the up-regulation of the Max 
diinerizalion protein MAD, were consistent with the shift of the cells 



from a proliferative to a differentiated stated Some changes are more 
difficult to explain, such as the up-regulation of DPI , a partner for E2f 
factors in the regulation of S-phase genes, and the mild up-regulation of 
the Id genes, commonly associated with an inhibition of differentiation 
by competition with bHLH transcriptional activators. w 

The C/EBP family has been extensively studied with respect to 
myeloid differentiation. 2 * 30 Absolute levels of the C/EBP a and 8 
mRNAs were low, probably at the borderline of significance for the 
oligonucleotide chip assay, whereas the level of C/EBP {3 appeared 
higher. In addition, there were discrepancies between the chip 
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Table 4. Granule constituents expressed during mouse promyelocytic cell tine cell differentiation 














AO volue by Brmy 




Granule constituent Gene symbol 


Gene accession 


Oh 




Aft h 

mo n 


72 h 


Azurophil (primary) granules 












Man2e1 




i ro 


134 


99 


1 flA 
1 D*t 


Ctsb 






460 


595 


3E19 


Ctsd 




r J\A 

& 1** 


1067 


1626 


it B4 








405 


46 


£.0X3 


E12 


LI 0406? 


ceo 


1273 


643 


13/ 


E1a2 


AA589D1 6 


47 


159 


134 




Gtis-s 


M 63836 


544 


226 


266 




Lyzs 




n 


1 


1 


3 


MrtitS 




Oil 1 


258 


. 66 


491 




X153TR 


T7flR 
JfOD 


3009 


776 


692 


Pro 




t 


2653 


2920 


ftBCA 


Possible granule proteins 












Ctsc 


AA144B87 




194 


342 




Ctse 


X*973Q9 

ACT f i|i7w 


4 
1 


3 


4 


e 


Ctsh 


UDR1 10 




124 


195 


lift 


Ctsl 




1 CI 


11 


31 










9 


88 




Soecif'C 5Rcondsrv aranutps 












Cpa3 


J05118 


621 


270 


B0 


bUl 


Cd36(2 


AB00B553 


113 


93 


157 


ID/ 


Cn!p 


X94353 


80 


479 


704 


628 


Cybb 


U433B4 


6 


24 


91 


126 


Ear2 




0 


1 


1 


2 


Fpri 


L22181 


178 


220 


235 


645 


Itgb2 


X14951 


0 


2 


4 


2 


Lcn2 


W13166 


916 


3513 


3931 


6036 


Ltf 


J03298 


19 


162 


333 


138 


M3P 


W45834 


5 


1 


1 


2 


Mmp13 


X66473 


44 


43 


72 


178 




L37297 


2661 


4782 


2311 


6912 


Tertiory granules 












Mmp9 


Z27231 


0 


1 


2 


2 



Shown are the possible granule protein cONAs represented on the oligonucleotide arrays, sorted by their expression patterns as follows; first by the average difference AD 
value, then by the granute types, and last by the alphabetical order of gene symbols. Data are presented as described in the legend to Table 3. 
AD indicates average difference; gene symbols are expanded in an Appendix at the end of this article. 



estimates and the mRNA levels observed by Northern blotting with 
specific probes for these genes. In particular, the latter method, 
more sensitive and specific, showed that C/EBP a began to decline in 
the most mature cells, whereas C/EBP 5 mRNA declined progressively 
beginning at 2-1 hours after the onset of differentiation. 

C/EBP e Is a more recently cloned C/EBP family member. Previous 
studies indicated it is expressed in a large array of human leukemia cell 
lines blocked at various stages of differentiation and that it is up- 
regulated during granulocytic differentiation. 51 A CEBP e probe was 
not included in the oligonucleotide chips, and this inRNA was not 
detected by DD. Therefore, we examined the C/EBP e expression 
patterns by quantitative PCR and Northern blot analysis (Figure 4). 
OEBP € exon 1 was PCR amplified from MPRO RNAs using primers 
RY48 (AGCCtXOGACACCCiTGArGA) and RY49 (TGGCACACT- 
GCGGGCAGACAG). 12 The results showed that C/EBP e is expressed 
throughout myeloid diflerentiation, wiih expression levels increased 
moderately in the later stages. 

We detected a number of other transcription factors that are 
broadly expressed or that have been reported in other studies of 
hematopoiesis (Table 5). Some of the factors that were most 
strongly induced during differentiation have been studied in other 
contexts but not previously implicated in hematopoiesis, such as a 
mammalian homologue to the Drosopfula enhancer of split gene, a 
transcriptional silencer. The mammalian gene is expressed at 
relatively high levels as measured by the oligonucleotide chip and 



is a candidate for mediation of the silencing of growth-related 
genes in the maturing neutrophil. Another candidate transcriptional 
silencer, Tiflb, may serve as a corepressor for the KRAB domain 
family of zinc finger transcription factors and also may mediate 
binding of the heterochromatin protein HP1 to DNA. 33 

There were 26 transcription factors whose mRNAs showed no 
significant changes by oligonucleotide chip analysis and were not 
identified as differentially regulated genes by differential display 
assays. PU.l, a factor necessary for the production of neutrophils 
and the expression of several neutrophil genes, 54 showed less than a 
3-fold increase in mRNA, below the threshold for a significant 
change. Other candidate hematopoietic transcription factors, such 
as PEBPlaB2 (AML1), GATA-1, and SP-2, were represented on 
the oligonucleotide chips, but their mRNA levels were so low that 
they were reported as absent in this study. The possibility that small 
changes in the levels or ratios of some transcription factors could 
produce marked changes in transcription potentially limits the 
ability of data generated by present methods to explain transcrip- 
tional changes during differentiation. 

Protein expression patterns of MPRO cells during 
ATRA Induction 

We visually compared the 2DE patterns from MPRO cells at the 
same time points used for mRNA analysis. In most cases the 
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Table 5. Transcription modulators presented during myeloid differentiation 



Maximal fold change 



AD value by array 



erte symbol 


Gene accession 


Oh 


24 h 


46 h 


72 h 


Zipl l-o 


r\o\}£\iVi £■ 




2989 


2795 


2515 


Bu3 


ia/1 leno 






2 


1 




ARnnnnQR 


562 


770 


472 


730 


nmgi 


t(U17Q 

tJlfH 1 f It 


337 


- 348 


177 


232 


tA hi 

1001 


lura 1 not: 


455 


767 


721 


637 


iwlax 




256 


224 


312 


172 


NTaiCid 




2313 


321 B 


2396 


2542 


t3n1 

Km i 


i mfi^K 


173 


281 


329 


306 


Rarg 


WlO^Ht f D 


102 


113 


114 


21 B 


Reia 








304 


244 


Soxib 






461 


484 


837 


Ybx1 






489 


472 


495 


Zfp162 


Y12B38 


671 


734 


720 


992 


Cebpd 


X61800 


157 . 


ICO 






Idb2 


M69293 


nil 

244 


210 


J TO 


Rfl4 


Jundl 


W29356 


1274 


zuuz 






LyM 


X576B7 


399 


342 


•a A"* 


HQ 4 


Nfe2 


L09600 


456 


743 


1042 


505 


Nfkbl 


L28117 


953 


2044 


1876 


2034 


Pbx1 


AF020196 


P4 A 

611 






£ It 


stpM 


A34693 


375 


784 


691 


520 


Tiflb 


U67303 


673 


659 


420 


663 


Trp53 


P10361 


ZI>9 




1 £3 


VU 1 


Usf2 


U12283 


129 


J DC 


IOC 

Zoo 


1 3i 


Ybx3 


L35S49 


95 


169 


Z1G 


1 1Q 


Zfp216 


AA510137. 


82 


Ibl 




1 UD 


Irfl 


M21065 


85 


207 




1 DO 


Ktf2 


U25096 


62 


66 


246 


77 


Myb 


Mi 2848 


692 


356 


230 


435 


Slal3 


AA396029 


484 


1057 


1Q12 


290 


Tfdpl 


G08639 


307 


560 


505 


1093 


Cebpb 


X626C0 


390 


1248 


1380 


1903 


Stral4 


Y0783B 


223 


383 


510 


036 


Cebpa 


M62362 


33 


212 


182 


44 


Grg 


X73359 


99 


56S 


916 


1005 


Mad 


X831C6 


0 


111 


167 


327 


Myc 


L00039 


314 


112 


62 


173 


Etohi6 


W83567 . 


169 


386 


313 


1003 


TBX1 


AA542220 


0 


0 


1 


2 



Less than 2-fold 



2 or more, less than 3 



3 or more, lass than 4 



4 or more, less than 5 



5 or more 



Shown are the transcription factors identified os present by the oligonucleotide array analysis whose maximal AD between perfect match end mismatch oligonucleotide 
sets was greater than or equal to 200 U In this study. Data are presented as described in the legend to Table 3. 
AD Indicates average difference; gene symbols are expanded In an Appendix at the end of this article. 



peptides identified for a given protein were derived from regions 
along the entire length of the protein, indicating the observed 
products were not the result of proteolytic degradation. These 
data must be considered with several caveats: membrane and 
other hydrophobic proteins and very basic proteins are not well 
displayed by the standard 2DE approach, and proteins present at 
low levels will be missed. 35 In addition, to simplify MS analysis, 
we used a Coomassie dye stain rather than silver to visualize 
proteins, and this decreased the sensitivity of detection of minor 
proteins. The MS method we used was sufficiently sensitive to 
identify proteins that could barely be visualized by colloidal 
blue staining. However, a limitation of the method for the mouse 
is that the current database lacks predicted amino acid sequences 
for a substantial fraction of murine genes. In addition, very 
small proteins give only a few peptides, .making statistically 
confident identification difficult. 



Figure 5 shows the analytical colloidal blue- stained 2DE IPG 
reference maps of differentiated MPRO cells. Expression patterns 
of more than 500 protein spots were detected and observed through 
the entire series of gels. Protein spots could easily be cross- 
matched to each other, indicating the reproducibility of the method. 
As marked on the gel pictures (Figure 5), 50 proteins with a wide 
range of molecular weights (I to 200 kd), isoelectric points (4 to 9), 
and abundances were subjected to MS protein identification. The 
results are presented in Table 6. 

Comparing the theoretical value of the molecular weight and pi 
of each protein to that of the observed value, we confidently 
identified 28 proteins in the expected position on the gels (spots 1 to 
28). Some of the other proteins with strong matches to the murine 
databases migrated to a somewhat unexpected pi position. Nine 
spots gave clear peptide peaks on mass spectroscopy but did not 
match any known gene. Their identification will require amino acid 
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Figure 5. 2DE clectrophorctograms of MPRO cells. 
MPRO cell tysate (2.5 x 10 c cell/sample) was loaded for 
2DE analysis. Gets were stained with brilliant blue G-coI- 
loida! dye. (A) 2DE map of uninduccd MPRO cell (0 hour). 
{BJ 2DE map of matured MPRO cells (72 hours). Protein 
spots marked In the naps were considered differentially 
expressed and ware subjected to MS analysts. The 
resultant protein information is listed in Table 6. 
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sequence analysis or availability of more extensive murine data- 
bases. \Ve searched for the expression patterns of the genes cognate 
to the expressed proteins in dbMC (Table 6). Nineteen genes were 
found in dbMC, the mRNA for 5 genes was reported as absent, and 
13 genes were present during MPRO differentiation. Comparison 
of the expression patterns showed only 4 genes of 18 present on the 
oligonucleotide chips whose expression was consistent at the RNA 
level and protein level None of these was on the list of the genes 

Table 6. Correlation of expression patterns between mRNA level and protein level 



thai were differentially expressed significantly (5-fold or greater 
change by atray or 2-fold or greater change by DD). 



Discussion 

We explored the temporal patterns of gene expression during 
myeloid development A database has been developed to provide a 



Predicted 
value 



Percentage 



2DE pattern 



cONA expression 
pattern 



Spot 


Protein definition 


G! number 


kd 


Pi 


(%} 


Oh 


72 h 


Oh 


72 h 


Afl 


1 


GRP78 


2505545 


72.4 


5.1 




1 


3 


1321 


1043.3 


N 


2 


Artln, gamma, cytoplasmic 


6752954 


41.77 


5.3 


40 


3 


n 


0 


2 


Y 


3 


RHO GDI 2 


2494703 


22.63 


4.S 


33 


3 


3 


341 


441.6 


Y 


4 


Proliferating cell nuclear antigen 


7242171 


26.77 


4.7 


42 


1 


0 




. 430.9 


Y 


5 


APS kinase 


4038346 


69.6 


7.1 


24 


2 


1 


43 


50.7 


N 


6 


Pyruvate kinase 3 


6755074 


S7.9 


7 2 


48 


6 


4 


3047 


5080.3 


N 


7 


Melanoma X-actin 


6671509 


41.72 


5.3 


39 


1 


3 


2539 


341.3 


N 


B 


Gryceraidehyde-3-phosphate dehydrogenase 


6679937 


35.79 


8.7 


33 


B 


7 


3073 


5742.3 


N 


9 


Stefin 3 


461911 


10.99 


5.9 


48 


0 


4 


N/A 


N/A 




10 


Guanine nucleotide binding protein, beta-2, 






















related sequence 1 


66B0047 


35.06 


7.9 


21 


4 


2 


139 


303.1 


N 


11 


Triosephosphate isomerase 


65784*3 


25.69 


6.9 


26 


3 


3 


3312 


2650.1 


Y 


12 


Testis -derived c-abl protein 


1196524 


17.19 


7 


51 


2 


3 


152 


126.9 


N 


13 


RNA binding motif protein 3 


7949121 


16.59 


6.8 


25 


1 


0 


62B 


812.4 


N 


1* 


Coliapsln response mediator 


6681019 


62.16 


6.4 


36 


2 


0 


Absent 


Absent 


N 


15 


Lamin A 


22C474 


47.52 


6.6 


35 


2 


0 


Absent 


Absent 


N 


16 


47-kd keratin 


52783 


35.62 


4.8 


29 


3 


0 


Absent 


Absent 


N 


17 


sid47Bp 


5931565 


31.3 


6.7 


30 


1 


2 


Absent 


Absent 


N 


1B 


MHC ctass it H2-IA-beta-5 


3169662 


28.6 


7.1 


39 


1 


2 


N/A 


N/A 




1B 


Andrcgen-birtding protein: subunil alpha 


73934 S 


S.04 


6.4 


68 


0 


2 


Absent 


Absent 


N 


20 


Neuronal apopicsts inhibitory protein 


5932010 


158.7 


6 


17 


1 


0 


N/A 


N/A 




21 


PAD type IV 


675501 B 


74.46 


7.2 


21 


1 


3 


N/A 


N/A 




22 


Human serum albumin homologoue 


3212625 


66.45 


5.7 


24 


0 


6 


N/A 


N/A 




23 


syncrip 


6576815 


62.53 


7.2 


33 


2 


1 


N/A 


N/A 




24 


Transaminase 


1730203 


46.22 


7.2 


31 


3 


1 


N/A 


N/A 




25 


PGK crigr phesphogtycerete 


1730S19 


44.54 


6.3 


47 


5 


4 


108S 


1402.3 


N 


26 


Proliferation-associated gene A 


6754976 


22.16 


8.6 


53 


3 


1 


N/A 


N/A 




27 


Putatuve peroxisomal antioxidant enzyme 


3913065 


17 


7.6 


55 


0 


3 


N/A 


N/A 




28 


IgE chain C 2 region 


2137430 


12.1 


5.2 


38 


0 


1 


N/A 


N/A 





The proteins listed here are represented by the spots marked In the efectrophoretograms shown In Figure 5. 

Protein definition, G: number, and predicted value refer to the protein name, accession number, and properties derived from the National Center for Biotechnology 
Information protein database. The column labeled Si shows the peicentaga of peptide* predicted from the protein sequence that were detected by moss spectroscopy. The 
expression level of protein spots expressed In mouse promyelocytic cell line cell Induced by ott-fransretinolc add forO Iwurs and 72 hours (Figure 5) were scored on o scale of 
1 (+) to 8 (+ + + -f + + + +) In the 2DE pattern column. The cDNA expression patterns of the cognate mRNAs are listed In the cDN A expression pattern column abstracted from 
the dbMC database. The genes not represented on the oligonucleotide arrays were marked as N/A Ag showed the correlation of gene patterns at mRNA level or protein level. 

Y indicates agreemet it and N discrepancy between changes in cDNA and protein spot intensity. The numbers in bold wcie obtained with DD. 2DE indicates 2-<Jimcnslona! 
gel electrophoresis; IgE, tmmunoglobuiin E; DD, differentia! display. 
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reference for later research on the molecular mechanisms underlv- 
ing normal myeloid development. 

The MPRO cell system morphologically mimics normal myeloid 
differentiation and biochemically proceeds wither toward mature neutro- 
phils than most other in vitro systems. Because the arrest in differentia- 
tion of MPRO cells growing in the absence of ATRA is not physiologic, 
there is a theoretical risk mat gene expression in these ceils is not 
coordinated in the way that it is in normal differentiation. It is 
encouraging that, for the most part, the timing of expression of genes for 
proteins of the various neutrophil granules is consistent with the timing 
of the morphologic and biochemical appearance of these granule 
components during normal myeloid differentiation. 

The DD technique provides certain advantages for detecting 
and comparing mRN A levels in different samples. First, the method 
is, in principle, similar to competitive RT-PCR, and, with the use of 
stringent PCR conditions, is expected to be about as reliable. 
Second, display patterns are reproducible. Third, the method 
detects the levels not only of RNAs aheady represented in the 
database but also of unknown RNA species that may represent 
"new" genes. Fourth, closely related genes can be distinguished 
regardless of cross-hybridization, provided there are some single 
nucleotide differences in the 3' end sequence. Limitations associ- 
ated with this technique are that numerous gels are necessary to get 
complete information and that comparison of the levels of different 
mRNAs is only approximate because of the diff erential amplifica- 
tion of bands of different size or sequence. 

Oligonucleotide chip analysis is a fast and effective means of 
accessing mRNA expression patterns. 20 Cluster analysis of groups 
of samples by this approach is effective. However, the present 
results indicate that alternative methods of verification are desir- 
able before the data on an unexpected change in a particular gene 
are definitively accepted. 

To obtain the broadest range of information from the myeloid 
differentiation process, both differential display and oligonucleotide 
chip techniques were applied in the current study. As a result 65.3% of 
the observed changes in mRNA levels came from the differential display 
method and 41.5% came from oligonucleotide chip assays. 

Our data showed in general that changes in expression pattern 
by the 2 methods agreed qualitatively but that there was some 
quantitative variation. Our results indicate that DD may be a more 
accurate way to detect changes in levels of gene expression than the 
oligonucleotide chip assay. However, improvements iu the types of 
oligonucleotides used in arrays may close this gap in the future. 

The mRNAs for a limited number of transcription factors vary in a 
pattern correlating with that of (he mRNAs for primary or secondary 
granule proteins. However, more detailed infonnation is needed, and the 
underlying mechanisms of granule gene regulation remain unclear. The 
number of potential positive and negative regulatory factors found here 
is sufficiently small as to make it feasible to perform in vivo studies, 
such as chromatin rminitnoprecipitatioa 

The oligonucleotide chip used in this study focused on known 
genes, whereas the DD method samples all polyadenylated tran- 
scripts. The latter method generated a large number of products not 
associated with known genes, in part because the mouse genome is 
not as well represented in the database as the human genome. 
However, our experience with DD and human mRNAs indicates 
that substantia] fractions of the products represented as ESTs or not 
represented at all in the public databases are cDNA copies from 
introns, hnRNA, or other RNA with internal A runs. 

Approximately 59 sequences obtained from gel-display bands 
had significant changes in the level of expression and a sequence 
that did not match that for any named gene in the public databases. 



Of these, 38 had plausible or excellent polyA signals. This is only 
an approximate estimate of the number of new genes found 36 
because a fraction of the mRNAs for known genes still had poor 
polyA signals. In addition, the full 3' untranslated region is often 
not known for characterized genes, and hi some cases these new 
genes may prove to be identical to products identified by the 
oligonucleotide chips when more complete sequences are obtained. 
At the least, their presence indicates that a substantial fraction of 
the regulatory or functional circuitry of maturing myeloid cells 
remains unexplored and that valuable tools for their investigation 
will emerge from a combination of RNA expression studies and 
analysis of emerging genomic sequences. 

The desired end point for the description of gene expression in a 
biologic system is not only the analysis of mRNA transcript levels 
but also the accurate measurement of protein abundance. The 
developments in 2DE and new MS instrumentation make it 
possible to accomplish this work rapidly and efficiently. In this 
study, we attempted to identify a number of the proteins differen- 
tially expressed between uninduced and ATRA-differentiated MPRO 
cells and to examine the relation between mRNA and protein expression 
levels for these genes representing the same state. 

For protein levels based on estimated intensity of Coomassie dye 
staining in 2DE, there was poor correlation between changes in mRNA 
levels and estimated protein levels. Other groups have studied the 
correlation between mRNA and protein levels in yeast and liver 
cells. "' ,2 * 14 Tji ii ver ecu cxpcrrnients, 11 * 12 correlation coefficients of 
0.4 to less than 0.5 were observed. In an extensive study in yeast, 1112 the 
correlation coefficient was high if the most abundant mRNAs and 
proteins were considered. If a handful of these products was omitted, the 
remaining correlation coefficient was 0.4 or Jess. However, one 
could restore some of the correlation by averaging individual 
data points into broad prot comic categories.- 7 

The discrepancies between mRNA and protein levels in MPRO cells 
appear to be substantially larger than those observed for yeast Possible 
causes for the discrepancies include translational regulation, differential 
expression of certain mRNAs at various stages of cell growth in vitro, 
post-translational protein modification that varies with the stage of 
maturation of the cells, and selective degradation or excretion of proteins 
in vivo. Furthermore, here we are focusing on a developmental 
time-course, whereas the yeast study concentrated on the organism in 
vegetative growth. New techniques, equipment and bioinformatic 
analysis tools must be developed to make such systematic, global, and 
quantitative analyses feasible. ' 

The initial studies of protein expression presented here provide a 
cautionary note for efforts to interpret cell composition and function in 
relation to mRNA levels. Discrepancies we observed between gene 
expression and protein abundance suggest that selective post-transcrip- 
tional controls may be at least as important as changes in mRNA levels 
in determining the protein composition of neutrophils and that they arc 
phenomena less well explored than transcriptional control. Analysis of 
mRNA expression patterns is itself only a small beginning toward a 
genome-wide description of cellular components! 



Acknowledgments 

We thank Dr S. Tsai (Fred Hutchinson Cancer Research Center) for 
his kind gift of the MPRO cell line, Dr Fuki M. Htsaiua (Yale 
University School of Medicine) for helpful advice, and the staff at 
Gene Logic Inc for data and support. 



BLOOD, 1 AUGUST 2001 ■ VOLUME B8, NUMBER 3 



GENE AND PROTEIN EXPRESSION IN MYELOPOIES1S 523 



References 



I. Lawson ND, Berliner N. Neutrophil maturation 
and the role of rettnofc acid. Exp Hematol. 1999; 
27:1355-1367. 

2> Tenen DG, Hrornas R r Ucht JD, Zhang DE. Tran- 
scription factors, normal myeloid development, 
and leukemia. 3tood. 1997,90:489-519. 

3. Stgurdsson F, Khanna-Gupta A, Lawson N, Ber- 
liner Control of late neutrophil-apecffic gene 
expression: insights into regulation cf myeloid 
differentiation. Semln Hematol. 1997;34:303-310. 

4. Lenny N, Wastendorf J J, Hiebert SW. Transcrip- 
tional regulation during myelopolesis, Mol Biol 
Rep. 1997;24:157-168. 

5. Yunis JJ, Tanzer J. Molecular mechanisms of he- 
matologic malignancies. Crit Rev Oncog, 1993;4: 
161-190. 

6. Vetculescu VE. Zhang L, Vogetstein B, K:rder 
KW. Serial analyst of gene expression. Science. 
1995:270:484-487. 

7. Stollberg J, Urschltz J, Urban Z, Boyd CD. A 
quantitative evaluation of SAGE. Genome Res. 
2000;10:1241-1248. 

B. Subrahmanyam YV, Baskaran N, Newburger PE, 
Wsissman SM. A modified method for the display 
of 3' -end restriction fragments of cONAs: molecu- 
lar profiling cf gene expression in neutrophils. 
Methods EnzymoL 1999;303:272-297. 

9. Subrahmanyam YVBK, Yamaga S, Newburger 
PE, Welssman SM. A modified approach for the 
efficient display ol 3' end restriction fragments of 
cDNAs. In: Leslie RA, Robertson HA, eds. Differ- 
ential Display: A Practical Approach. Practical Ap- 
proach Series. Oxford, UK: Oxford University 
Press. 2000; 101-123. 

10. Appdla E, Arnoti D, Sakaguchi K, Wirth PJ. Pro- 
teome mapping by two-dimensional poryacryl- 
amide gel electrophoresis (n combination with 
mass spectrometric protein sequence analysis. 
EXS. 2000;88:1-27.' 

I I . Anderson NL, Anderson NG. Proteome and prb- 
teomics: new technologies, new concepts, and 
new words. Electrophoresis. 1993;19:1853-1861. 

1 2. Gyg t SP, Rcnhon Y, Frarua BR, Aeherecld R. Corre- 
lation between protein and mRNA abundance tn 
yeast. Mol Cell 8toL I999;19:172t>-1730. 

1 3. The Whitehead Institute for Biomedical Ro- 
search/MIT Center for Genome Research. Mo- 
lecular Pattern Recognition Web she. Available 
at: www.genome.wi.mil.edu/MPR/ 
anarysis.htmWRS. Accessed May 4, 2001 . 

14. Futcher B, tatter Gl. Monardo P, McLaughlin CS, 
Gerrels JL A sampling of tits yeast prcteome. Mol 
Cell Biol. 1999;19:7357-7363. 



1 5. Tsal S, Collins SJ. A dominant negative relinoic 
acid receptor blocks neutrophil differentiation at 
the promyelocyte stage. Proc Natl Acad Sci 
USA 1993;00:7153-7157. 

16. Jotmson M, Caiazzc T, MoSna JM, Donahue R, 
Groopman J. Inhibition of bono marrow myelopoiesis 
and erythropotests In vitro by antkebovfral nucleo- 
side derivaLves. Br J rHae*rtf^ 

17. Lawson ND, Krause DS, Berliner N. Normal neu- 
trophil differentiation and secondary granule gene 
expression in the EML and MPRO cell Dnes Exp 
Hematol. 1938;26:1178-1185. 

18. Prashar V, Weissman SM. Analysis of dlfTerentlai 
gene expression by display of 3' end restriction 
fragments of cDNAs. Proc Natl Acad Set U S A. 
1995;93:659-663. 

19. Subrahmanyam YVBK, Yamaga S, Prashar Y, et 
al. RNA expression patterns changa dramatically 
in human neutrophils exposed to bacteria. Biocd. 
2001;97:245i>-245e\ 

20. Chee M, Yang R, Hubbeli E. et al. Accessing ge- 
netic information with high-densrry DNA arrays. 
Science. 1996;274:610-614. 

2 1 . Lipshute RJ, Chee M, Huhbell E, et at. Using oii- 
gonucleotlde probe arrays to access genetic di- 
versity. Blotechnfques. 1995;19:442-447, 

22. Lipshut2 RJ, Fodor SP, Gingeras TR, Lockhart 

D J, High-density synthetic oligonucleotide arrays. 
Nat Genet. 1999;21:20-24. 

23. Mao M, FuG.Wu JS, et al. Identification of genes 
expressed in human CD34(+) hematopoietic 
stem/prDgenitor celis by expressed sequence 
tags end efficient full-length cDNA cloning. Proc 
Natl Acad Sci USA. 1998;95:8175-8130. 

24. Neuhoff V, Arold N, Taube D, Ehrhardt W. Im- 
proved staining of proteins In polyacrytamlde gets 
including Isoelectric focusing gels with clear back- 
ground at nanogram sensitivity using Coomasste 
Brilliant Blue G-250 snd R-250. Bectrophoresis. 
1983;9:255-262. 

25. Wang Q. Miyatewa Y. Fox N, Kaushensky K. Inter- 
ferorv-alpha directly represses rrtegakaryopciesis by 
ir.hWting mftmirjc^erjn-indijced signaling through 
induction of SOCS-t. Blood. 2000;96:2093-2099. 

26. Gullberg U, Bengtsson H, Buloy/ E, et al. Processing 
and targeting of granule proteins in human neutro- 
phils. J Immunol Methods. 1999;232:201-210. 

27. Nid wis J, N imer SO. Transcription factors, transloca- 
tions, and leukemia. Blood. 1992;80:2953-2963. 

23. Amatl B, Land H. Myc-Max-Mad: a transcription 
(actor network controlling ceil eyrie progression, 
differentiation Bnd death. Cut Opin Genet Dev. 
1994;4:102-108. 



29. Pagliuca A, Galio P, Oe Luca P, Lanla L. Class A 
hellx-loop-hetix proteins are positive regulators of 
several cyclln-dependent kinase inhibitors' pro- 
moter activity and negatively affect cetj growth. 
Cancer Res. 2000;60:1376-1382. 

30. Yanranako R, Lfikstrom-Himes J, Bartow C, Wyn- 
shaw-Boris A, Xanthopoulos KG. CCAAT/en- 
hanoer binding proteins are critical components 
of the transcriptional regulation of hamatopolesls 
(review). Int J Mo! Med. 199B, 1:2 13-221. 

31 . Morosetti R, Park DJ, Chumakov AM, et aL A 
novel, myeloid transcription actor, C/EBP epstion, 
is up-regulated during granulocytic, but not mono- 
cytic, differentiation. Blood. 1997;90:2591-2600. 

32. Yamanaka R, Barlow C, Lekstrom-HhneB J, et al. 
Impaired granulopoiesis, myelodysplasia, end 
earty lethality in CCAMVenhancer binding protein 
eps non-deficient mice. Proc Natl Acad Sd U S A. 
1997;94:13187-13192, 

33. Nielsen AL, Ortiz JA, You J. et al. Interaction with 
members of the hetciochromatin protein 1 (HP1) 
family and histone deacetytstion are differentiatly 
Involved In transcriptional silencing by members 
of the TIF1 family. EMBO J. 1999;18:6385-6395. 

34. Anderson KU Smrm KA Perkin H, et aL PU.1 and 
the granulocyte- and macrophage cofeny-strrnutoting 
factor receptors play distinct rotes in late-stage my- 
eloid oets dilferentiaUoa Blood 1999^4:2310-2318. 

35. Gorg A. Obennaler C, Boguth G. Weiss W. Re- 
cent developments in two-dimensional gel elec- 
trophoresis with immobilized pH gradients: wide 
pH gradients up to pH 12. longer separation dis- 
tances and simplified procedures. Electrophore- 
sis. 1099;20:712-717. 

36. Witusz J, Pettine SM, Shenk T. Functional analy- 
sis of point mutations in the AAUAAA motif of the 
SV40 late potyadenytation signal Nucleic Acids 
Res. 1989;17:3899-3908. 

37. .lansen R, Gerstein M. Analysis ot the yeast tran- 
Fxriptome wtth structural and functional catego- 
ries: characterizing highly expressed proteins. 
Nucleic Acids Res, 2000;28:1481-1488. 

3B. Tamayo P, Sionlm D, Mesirov J, et al Interpreting 
patterns of gene expression with self -organizing 
maps: methods and application to hematopoietic 
differentiation. Proc Natl Acad Sci U S A 1999; 
96:2907-2912. 

39.. ProteoMetrics. ProFound search engine Web 
site. Available at; rmp:/rwww.proteometric3.conv* 
profcundj5tn.WebPtoFound.exe. Accessed May 
4, 2001. ~ 



Appendix 



Gene symbols used in tables: Actb: acrjn, beta, cytoplasmic; Actg: aciin, gamma, 
cytoplasmic; Actx: melanoma X -aciin; Aldot: aldolase I, A isothrai; ArfS: 
ATJP-ribosylauon factor 5; Alt" I : activating transcription factor 1; Atl2: activating 
transaiptiou factor 2; BtO: basic transciiption factor 3a; Dzrp: peripheral-type 
benzodiazepine receptor, C5i l: complement romponont 5, receptor 1/G protein- 
coupled receptor (C5a); Ccnb2: cyclin B2; Cd36l2: CD36 antigen (collagen type 
I receptor, thrum bospondin receptor}-ltlce 2; CdS3: CD53 antigen; Cebpa: 
CCAAT/cnhancer binding protein C/EBP, alpha; Ccbpb: CCAAT/cnhanccr 
binding protein (C/EBP), beta; Cebpd: CCAAT/enhanccr binding protein (C 
EBP), dclla; Ccbpc: CCAAT/enliancer binding protein (C/EBP), cpsilou; Cfll: 
cofilin 1 , nonmnscle; Cmk2i4: chemokine (C-X-C) nxeptor 4; Cmkbr 1 : chemo- 
kbic (C-C) receptor 1/Mip la receptor, CWp: cathclin-like protein; Oitt": ciHaiy 
neurotropic factor/zinc finger protein PZF; Copa: coatomcr protein complex 
subunit alpha; Cpa3: caiteypcptidase A3, mast cell; Cr2: complement receptor 
2; Ohr: ctirticotropin releasing hormone rcocplur, Ory: complement rcceptor- 
rclp.tcd protein; C&rir CSF I (M-CSF) rcccptor/c-ftns/CDl 15; CsfTra: CSF 2 
(GM-CSF) receptor, alpha, low-afl"mir>'/CDIl6; Csf2rbl: CSF 2 (GM-CSF) 
rcccpfor, beta 2, low-atfituiy/U. 3 rectTtnr-likc protein (AIC2B)CDwl3J; 



Qt2rb2: CSF 2 (GM-CSr) receptor, beta 2, low-affiniry/IL-3 receptor (A1C2A); 
Ctsb: cathepsm B; Ctsc: aithcpsm C; Osd: cathepsin D; Ctsc: catiiepsin IL; Ccsg: 
cudicpsin G; Ctsb: lathepsin H; Clsl: cathepsin L: Ctss: cathepsin S; Cybb: 
cytochitMne b-245 t beta; Drd2: dopamine receptor 2; Elf I: B2F transcription 
factor 1; Eai*2: eoshicphilrassociated ribonuclease 2; Ebi3: Epstein-Barr virus- 
induced gene 3/cytokine iTCeptor-4ike molecule (EBB); EH: Balb/c neutrophil 
elaslaAe; E(a2: elastase 2; Em: enhancer of rudimentary homolog (Drosophila); 
Etohi6: cthanol induced 67sLrrol rcgulaiory element binding transcription factor I 
(SKEBF1) homolog; F2rl2: coagulation factor IT (tlirombin) rcccptor-likc 2; 
Fcer Ig: Fc receptor, IgE, high affinity I, gamma polypeptide; Fcgr2b: Fc receptor, 
lgG t low aUiniiy lib; Fcgi3: Fc receptor, IgG, low alfinity III; Fpri: ibrmyl 
peptide receptor t/lMLP receptor, Gabpbl: G A repeat binding protein (GABP- 
bc'ial subunit); Gata2: GAIA-binding pTotein 2; Gnas: gu^mine nucleotide 
binding protein, alpha stimulating; Gnb2-rs 1 : guanine nucleotide binding protein, 
beta-2, related sequence 1; Gpx.l: gtutidhione pcroxidaHc 3; Grg: related to 
Dnisophila gmuclw gene; Gridl: ghuamate rcccpuH eluuincl subunit delta 1; 
Gm: granulin; Gstml:.graa*iunc^traasfcrase, mu I; Gus-s: bcta-ghicuroni- 
dase structural; Gys3: glycogen bynlhasc 3, brain; H2-D: bisloa)mptttihib'ty 2, D 
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region locus I; Hist2: historic gene complex 2; Hist5-2ax: rI2A histone family, 
member X; Hirtgi: high mobility group protein I; Hsp60: beet shock protein, 60 
kDa; HtrSa: 5-hydroxytry ptamine (serotonin) receptor 5A; Idbl: inhibitor of 
DNA binding l/helix-loop-helix DNA binding protein regulator (Id); Idb2: 
inhibitor of DNA binding 2; Ifhgn interferon gamma receptor; Ifhgr2: interferon 
gamma receptor 2; Ii: la-associated invariant chain; Ilia: 1LI alpha; ULr2: ILI 
receptor, type II; II2rg: IL2 receptor, gamma chain; IWra: IL4 receptor, elpha; 
lllOrb: IL10 receptor, beta; II I7r. IL17 receptor, Irfl: interferon regulatory factor 
1 ; Ir£2: interferon regulatory fector-2; Itgb2: integrinbeta2 (Cdl8); Itpr5: inositol 
1,4.5-trisphosphate receptor (type 2); Jundl: Jim ftfoto-oncogene-felated gene 
dl/transcrirition factor JUN-D; Klr2: Kruppel-like factor LKJLF; L-CCR: lipopoly- 
saccharide inducible OC chemokine receptor-related; Lcn2: lipocalia 2; Ldln 
tow density lipoprotein receptor; Lspi: Lymphocyte-specific l/S37/pp52; Lstl: 
leiicocyte-specific transcript 1 ; LtMn leukotriene B4 receptor; Uhn lymphotoxin- 
beta receptor; Ltf; lacto transferrin; Ly64: lymphocyte antigen 64; Ly6e: lympho- 
cyte antigen 6 complex, locus E; Lyll : lymphoblastosis leokcmWbHLH factor; 
Lyzs: lysozyme; M6pr: mannose-6-phosphate receptor, cation dependent; Mad: 
Max dimaization protein; Mau2cl: mannosidase, alpha, class 2C, member J; 
Max: Max protein; Maz: MYC-associated zinc finger protein (p urine-binding 
trauscription factor); MBP: eosinophil granule major basic protein precursor; 
McptS: mast cell protease 8; Mil: myeloid/lymphoid or mixed-lineage leukemia; 
Mmp 1 3 : matrix inetalloprotemase l3/collagenase;Mmp9: matrix metaltoprrrtein- 
ase 9/gelatinase B; Mpo: myeloperoxidase; Myb: myeloblastosis oncogene; 
Mybl2: myeloblastosis oncogene-like 2; Myc: myelocytomatosis oncogene; 
Myln: myosin light chain, alkali, nonmuscle; Nfatc2: nuclear factor of activated T 
cells, cytoplasmic 2; Nfe2: nuclear factor, erythroid-derived 2, 45 kDa; Nntbl : 
NF-kappa-B (p 105); Ngp: neutrophilic granule protein; NMDRGB : N-methyl-D- 
aspartate receptor glutarnate-bindmg chain homolog; Npml: mtdeonhosmin 1; 
Nr4al: nuclear receptor subfamily 4, group A, member 1; Osi: oxidative stress 
induced; P2rxl: puriuergic receptor P2X, ligand-gated ion channel, 1; P2ry2: 
purinergic receptor P2Y, G-protein-coupled 2; P4G-8: P40-8, mndional/hnninin 
receptor, Phxl: pre B-cell leukemia trauscription tactor 1; Pic: properdin factor, 
complement; Piral: paired-Ig-like receptor Al; Pira5: paired-Ig-like receptor 



A5; Pira6: paired-Ig-like receptor A6; Pirb: paired-Ig-like receptor B; Plaur: 
urokinase plasminogen activator receptor; PMI: putative receptor protein (SP: 
P17152 ); Pml: promyelocytic leukemia; Prg: proteoglycan, secretory granule; 
Prg3: proteoglycan 3/cosinophil major bask protein 2; Prtn3: proteinase 3; 
Psma2: proteasome (prosome, macropain) sub unit, alpha type 2; Ptmb4: prothy- 
mosin beta 4; Ptprc: protein tyrosine phosphatase, receptor type, C; Rnc2: 
RAS-related C3 botulinum substrate 2; Rarg: retinoic acid receptor, gamma; 
Rcla: avian i^iiculoeridotheliosw viral (v-rei) oncogene iMmologA/NF-kappa-B 
p65; Rpll9: ribosomal protein L19; RPL8: ribosomal protein L8; Rps6kal: 
ribosomal protein S6 kinase polypeptide 1; Rps8: ribosomal protein S8; Rtn3: 
reticulon 3; Sl00a8: S100 calcium binding protein A8 (caJgnuuuinA): St00a9: 
SI 00 calcium-binding protein A9 (calgranulin B); Sdfr2: stromal celMerivcd 
tactor receptor 2; Sell: sslectin L (lymphocyte adhesion molecule I); Sema4d: 
semaphorin 4D; Scppl: seJcnoproteiu P, plasma, 1; Sfpil: SFFV proviral 
integration I; Shfdgl: split hand/foot deleted gene I; SklOal: solute carrier 
tarnify 10 (sodium/bile acid cotransporter family), member 1; Slpi: secretory 
leukocyte protease inhibitor; Soxl5: SRY-box containing gene 15; Spi2-1: serine 
protease inhibitor 2- 1; Srb 1 : scavenger receptor class B 1 ; Stat3: signal transducer 
and activator of transcription 3; Stat5a: signal transducer and activator of 
(l-anscription 5A; Stat6: signal transducer and activator of transcription 6; StraI4: 
baac-helix4oop-helk pmtein-retinoic acid induced; Thxl: TBX1 protein/LPS- 
induccd TNF-alpha factor homo log; Tcrgb: T-eell-rcceptor getmline beta-chain 
gene constant region; Tcrg-V4: T-cell-receptor gamma, variable 4; Tctexl: 
t-complex testis expressed I; Tfdpl: transcription tactor Dp I; Tiflb: trauscrip- 
tional intermediary factor 1, beta; Tlr4: toll-like receptor 4; Thfrsfla: TNT 
receptor superfamtly, member la; Tntrsflb: TNF superfamily, member lb; 
Tbmm70a: translocase of outer mitochondrial membrane 70 (yeast) homolog A; 
Tpi: uiosephosphate isom erase; Trp53: trmwfoimation-relatcd protein 53; LTbb: 
ubiquitin B: Usf2: upstream transcription factor 2; Yhxl: Y box transcription 
factor; Yhx3: Y box binding protein; Zfpll-6: zinc finger protein * 11-6; Zip 18: 
zinc finger protein 1 8 homolog; Zfp36: zinc finger protein 36; Zfpl62: zinc finger 
protein 162; Zfp2l6: zinc finger protein 216; Zfpml: zinc finger protein, 
multhype 1; Znfhlal: zinc finger protein, subfamily 1A, I (Ikaros); Zyx: zyxin. 
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Bacterial lipopolysaccharide (LPS) evokes several 
functional responses in the neutrophil that contribute 
to innate immunity. Although certain responses, such as 
adhesion and synthesis of tumor necrosis factor-a, are 
inhibited by pretreatment with an inhibitor of p38 mi- 
togen-activated protein kinase, others, such as actin as- 
sembly, are unaffected. The aim of the present study was 
to investigate the changes in neutrophil gene transcrip- 
tion and protein expression following lipopolysaccha- 
ride exposure and to establish their dependence on p38 
signaling. Microarray analysis indicated expression of 
13% of the 7070 Asymetrix gene set in nonstimulatcd 
neutrophils, and LPS up-regulation of 100 distinct 
genes, including cytokines and chemokines, signaling 
molecules, and regulators of transcription. Proteomic 
analysis yielded a separate list of up-regulated modula- 
tors of inflammation, signaling molecules, and cytoskel- 
etal proteins. Poor concordance between mBNA tran- 
script and protein expression changes was noted. 
Pretreatment with the p38 inhibitor SB203580 attenu- 
ated 23% of LPS-regulatcd genes and 18% of LPS-regu- 
lated proteins by ^40%. This study indicates that p38 
plays a selective role in regulation of neutrophil tran- 
scripts and proteins following lipopolysaccharide expo- 
sure, clarifies that several of the effects of lipopolysac- 
charide are post-transcrlptional and post-translational, 
and identifies several proteins not previously reported 
to be involved in the innate immune response. 



Lipopolysaccharide (LPS), 1 a component of the outer cell wall 
of Gram-negative bacteria, evokes a variety of functional re- 
sponses in the human neutrophil (PMN) after binding to a 
plasma membrane receptor complex that involves the Toll-like 
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receptors (TLRs) (1-5). These Immediate* functional re- 
sponses, including actin assembly, adhesion, activation of nu- 
clear factor-kappa B (NF-kB), and priming for an enhanced 
secretory response and for release of reactive oxygen interme- 
diates, appear to be central both to the innate immune re- 
sponse and to the pathogenesis of several inflammatory hum an 
diseases, including sepsis and the acute respiratory distress 
syndrome (6). p38 mitogen-activated protein kinase (p38 
MAPK) has been shown to mediate LPS-induced PMN adhe- 
sion, NF-kB activation, and TNF-a and IL-8 translation and 
release (7), and its blockade attenuates LPS-induced PMN 
accumulation in the airspace (8). However, other cascades al- 
most certainly lead to downstream effectors of the LPS signal; 
for example, actin assembly appears to be p38 MAPK-inde- 
pendent (9). An improved understanding of the transcriptional 
and translational responses of the neutrophil to LPS and the 
modulation of these responses by p38 MAPK might carry 
pathogenetic and therapeutic implications. 

Historically, it has been believed that the downstream PMN 
transcriptional response to LPS is static and that PMN func- 
tional responses to LPS that depend on de novo protein syn- 
thesis are primarily limited to the release of cytokines (10). 
However, recent studies indicate a robust transcriptional re- 
sponse (11). To date, most studies have relied upon and re- 
ported a short list of functional assays of the LPS-exposed 
PMN; therefore, no exhaustive investigation of either the tran- 
scriptional response or protein synthetic repertoire of the PMN 
has been reported. Although several techniques have been used 
to evaluate transcripts, the screening of global changes in 
mRNA by microarray analysis has only recently become possi- 
ble. In this way, thousands of genes can be screened in an 
unbiased fashion ■ for transcript abundance. Such genomic 
screens in mammalian cells have previously been applied to 
define altered expression profiles in response to agonists (12) 
and to drug action (13) and during cell cycle progression (14). 

Although DNA microarray technology is expected to provide 
insight into the response of the human PMN to LPS (15), 
inliibition of LPS-stimulated EL-1 and TNF-a production by 
p38 MAPK inhibitors in THP-1 cells (16) and of TNF-« synthe- 
sis in human PMNs (9) occurs at a translational level and 
would therefore not be detected by DNA microarrays. Further- 
more, in other systems, such as yeast and human liver, mRNA 
and protein levels show poor correlation (17, 18). Proteomics is 
a complementary tool for assessing global changes in cellular 
protein expression, thereby providing additional insight into 
cellular signal regulation. A proteomic approach has proven 
useful in different systems for dissecting signal transduction 
cascades and describing their output (19, 20) and has even 
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recently been used to detect novel upstream messengers in- 
volved in LPS signal transduction (21). We have Applied DNA 
mieroarrays and proteomics to define and compare transcrip- 
tional and post-transcriptional alterations in the LPS-exposed 
PMN and to establish the dependence of these alterations on 
p38 MAPK signaling. 

EXPERIMENTAL PROCEDURES 

Materials — Endotoxin-free reagents and plastics were used in all 
experiments. Aprotinin, leupeptin, AEBSF, E-64, pepstatin, and besta- 
tin protease inhibitors, spermine HC1, and a-cyano-4-hydroxycirinamic 
acid (CHCA) were all purchased from Sigma Chemical Co. (St. Louis, 
MO). SB203580, a p38 MAPK inhibitor, was purchased from Calbio- 
chem-Novabiochem Corp. (San Diego, CA). For two-dimensional PAGE, 
rehydration buffer, equilibration buffers, vertical electrophoresis solu- 
tions, and 10% homogeneous poly aery] amide slab gels were purchased 
from Genomic Solutions, Inc. (GSI, Ann Arbor, MI). Sequencing grade 
porcine trypsin was purclxased from Promega (Madison, WI). 

LPS Incubation — PMNa were isolated by the plasma Percoll method 
(22), a technique that yields less than fi% monocytic contamination, and 
reBuspended at a concentration of 15.4 X 10°/ml in RPMI 1640 culture 
medium (BioWhittaker, Walkersville, MD) supplemented with 10 mM 
HEPES (pH 7.6) and 1% beat-inactivated platelet-poor plasma. After 
addition of 100 ngfonl Escherichia coU 0111:B4 LPS (List Biological), 
incubation was carried out with continuous rotation (4 h, 37 6 C) both in 
the presence and absence of SB20S680, Both Affytnetrix analysis and 
proteomic analysis utilized 75 X 10 6 cells. For microarray analysis, 
nonstimulated and 4-h-treated PMNs were collected from three sepa- 
rate donors. A more detailed time course following LPS exposure was 
perform ed using polymerase chain reaction. For proteomic analysis, 
LPS incubations from separate donors (n — 6) were performed and then 
analyzed individually. Control and poat-LPS incubation PMNs were 
washed (0.34 M sucrose/1 inM EOT A/10 mM IVis) and then lysed in a 
modified rehydration buffer (GSI, Ann Arbor, MI) supplemented with 2 
M thiourea, 50 mM dithiothreito! (DTT), 22.5 mM spermine HC1, and a 
mixture of six protease, inhi bitors (10 aprounin, 10 ftg/ml leupep- 
tin, 2 mM AEBSF, 5 >xU E-64, 1 p*A pepstatin, 10 ,uM bestatin). DNA was 
pelleted by centrifugation at 250,000 X g for 60 min (23). 

Affymetrix Oligonucleotide. Array — Five micrograms of total RNA was 
isolated with TRIssol (Invitrogen) and RNeasy columns (Qiagen) and 
subsequently labeled with bio tin as described by Affynielrix. Briefly, 
first-strand synthesis was accomplished with Superscript II reverse tran- 
scriptase (Invitrogen) using a T7-oliga(dT)^ primer for 1 h at 42 "C 
followed by fleeond-strand synthesis using E, coli DNA polymerase I and 
RNase H (Invitrogen) at 16 °C for 2 h. Double-stranded DNA was used as 
a template for in vitro transcription with T7 RNA polymerase in the 
presence of biotin-labeled IJTP and OTP using the BioArray High Yield 
RNA transcript labeling kit (Enzo). Fitleen micrograms of cRNA was 
fragmented and used for hybridization to Asymetrix HuGene 6800FL 
Genechips. Each sample was hybridized initially using a Teat2 Genechip 
to test for sample degradation and full-length in vitro translation- Data 
were analyzed using Affymetrix Genechip software. Results from three 
separate donors were analyzed. 

Reverse Transcription and Polymerase, Chain Reaction — cDNA was 
prepared by reverse transcription, using 2 /ig total RNA, derived from 
20 X 10 6 cells that were treated as indicated- Polymerase chain reac- 
tions were performed using specific primers for Mx-1, TJVF-a, MCP-1, 
p65 t S100A4, and gIyceraldehyde-3-phosphate dehydrogenase. 

Two-dimensional PAGE — The protein concentration of the lysates 
was measured as described by Bradford et a/. (24). Poor isoelectric 
focusing (IEF) results were encountered unless the poly cation ic sperm- 
ine was diluted (data not shown); therefore, lysates were diluted with 
rehydration buffer (GSI, Ann Arbor, MI) to achieve a final spermine 
concentration of 6 mM. Equal protein loads (1.5 mg) of control and 
LPS-stimulated neutrophils were used to rehydrate IEF gels overnight 
(18 cm, pH S— 10 nonlinear Immobiline DryStrip IEF gels, Amersham 
Biosciences; Piscataway, NJ). IEF was performed at 20 *C to 100-kVh 
(Phaser, GSI) under mineral oil, followed by two 10-min SDS equilibra- 
tion steps (DTT and then iodoacetamide-conteining equilibration buff- 
ers, GSI) and then by vertical electrophoresis on 10% homogeneous 
polyacrylamidc slab gels (GSI) at 500 V. Protein spots wore visualized 
by agitation in colloidal Cooinassie Brilliant Blue G-250 (16 h) (25), 
followed by des taming in deionized water (20 h). In separate experi- 
ment*!, control and LPS-stimulated PMN lysates from three donors 
were pooled and then analyzed by two-dimensional PAGE using over- 
lapping narrow isoelectric point (pi) ranges (18 cm, pH 5.0-6.0, 5.5- 



6.7, and 6-11, Amersham Biosciences, Piscataway, NJ). Identical IEF 
and vertical electrophoresis parameters were used for all gels. 

Image Analysis of Two-dim^nsionxxl Gals— Colloidal Coomassie- 
Btained gels were digitized using a Powerlook II (UMAX Data Systems, 
Inc., Taiwan) flatbed scanner with 8-bit dynamic range and 150-dpi 
resolution. Biolmage (GSI, Ann Arbor, MI) 2D-Analyzer software was 
used to locate, quantitate, and match protein spots on the control and 
LPS gel images. Analysis was performed by assigning 60 common 
anchor spots between paired images; the remaining spots were com- 
pared by a constellation- matching algorithm. All data were then care- 
fully reviewed by the operator to account for any discrepanciea. Protein 
loading between control and experimental gels may have varied be- 
cause of inconsistencies in rehydration of the different IEF gel strips; 
therefore, gel images were normalized so that the sum of the integrated 
intensities of all matched spots on paired gels was made equaL Control 
and LPS-stimulated gel images from individual donor experiments 
were matched to generate composite images; composite images were 
then matched into a master composite image to track the LPS response 
of protein spots among different donors (26). Only those spots that were 
common (image-matched) to all original 12 (pH 3.0-10.0) gels were 
considered for further analysis. For these spots, the LPS-induced 
change in integrated intensity in the six experiments was subjected to 
statistical analysis with a two-tailed Student's t test, and those spots 
with p < 0.05 were identified by peptide mass fingerprinting (described 
below). For the narrow range (pH 5.0-6.0, 5.5-6.7, and 6-11) two- 
dimensional PAGE experiments using pooled donors, only those spots 
with concordant regulation exceeding 1.5-fold or that appeared de novo 
in the LPS gel in two repeat experiments were further analyzed. 

In-gel Tryptic Digestion— In-gel digestion of protein spots was per- 
formed with sequencing grade porcine-modified trypsin using the 
method of Hellman et al. (27). Tryptic peptides were then extracted (50 
'/jX of 50% acetonitrile/5% trifluoroacetic acid, 2 h), and the supernatant 
was taken to dryness in a vacuum centrifuge and then redissolved in 
trifluoroacetic acid (20 nl, 0.6%). Peptides were then purified and con- 
centrated using ZipTip cl8 pipette tips (Millipore, Bedford, MA). 

MALDI-TOF Mass Spectrometry — Analyses were performed on an 
Applied Biosystems matrix-assisted laser desorption ionization time-of- 
<flight (MALDI-TOF) Voyager-DE PRO mass spectrometer (Framing- 
ham, MA) operated in delayed extraction mode. Samples (0.5 pi) were 
spotted, onto a sample plate to which matrix (0.5 id of 10 mg/ml OHCA) 
was added. The sample-matrix mixture waH dried at room temperature 
and then analyzed in reXlecter mode. CHCA was also spotted alone as a 
negative control. Spectra were the stun of 100 laser shots, and those 
peaks with a signal-to-noise ratio of greater than 3:1 were selected for 
data base searchirig. Spectra were internally calibrated using autolytic 
trypsin peptides (m/z 842.51, 2211.10). 

Data Base Searching Algorithm — The monoisotopic masses for each 
protons ted peptide were: (a ) entered into the program MS-Fit (available 
at prospector.ucsf.edu) for searches against the Swiss-Pro t, NCBI, 
and GenPept databases, and (b) entered into Mascot (available at 
matrixscience.com), an algorithm testing statistical significance of pep- 
tide mass fingerprinting identifications. For MS-Fit searches, masses 
derived from trypsin, CHCA, keratin, and Coomassie Brilliant Blue 
G-250 were excluded. Search parameters included a maximum allowed 
peptide mass error of 0. 1 Da (0.6 Da in the few instances in which linear 
mode was used), consideration of one incomplete cleavage per peptide, 
pi range of 3.0-10.0, and molecular mass range of 1—200 kDa. Accepted 
modifications included carbamidomcthylation of cysteine residues 
(from iodoacetamide exposure following IEF) (28) and methionine oxi- 
dation, a common modification occurring during SDS-PAGE (29). Pro- 
tein identifications were assigned when three criteria were met: 1) 
statistical significance (p < 0.05) of the match when tested by Mascot 
(matrixscience.com); 2) >20% sequence coverage by the tryptic pep- 
tides; and 3) concordance (±15%) with the molecular weight and pi of 
the parent two-dimensional PAGE protein spot. The following special 
exceptions were considered: (a) protein identifications not fulfilling 
criterion 2 were still assigned if criteria 1 and 3 were fulfilled and no 
other Homo sapiens proteins with peptide mass-matched p values < 
0.05 were identified by Mascot; (6) if criterion 3 was not fulfilled (lower 
than expected molecular weight), a cleavage product of the identified 
protein was inferred, and the cumulative molecular weight of the tryptic 
peptides was compared with that of the two-dimensional-PAGE spot to 
ensure that it was not exceeded; (c) if criterion 3 was not fulfilled (isolated 
discordance between theoretical and observed pi), post-tra relational mod- 
ification of an unrccovered peptide was inferred; and (d) if two or more H. 
sapiens protein assignments with >4 mutually exclusive matching pep- 
tides were identified, a protein mixture in the two-dimensional PAGE 



LPS-activated Neutrophils: Microarrays and Proteomics 



31293 



«pot was inferred and further analysis halted (quantitative concluaious 
regarding the individual protein, constituents could not be drawn). 

RESULTS 

Genes Differentially Expressed in LPS-stimulated Neutro- 
phils — Human PMNs were left untreated or incubated in the 
presence of 100 ng/ml LPS for 4 h. As a control to confirm that 
the PMNs were quiescent at baseline and that LPS resulted in 
normal stimulation, mRNA was isolated, cDNA was prepared, 
and PGR for TNF-a was performed. Little TNF-a expression 
was seen in nonstimulated cells, whereas LPS treatment led to 
an increase in expression in each of the donors subsequently 
used for microarray analysis (data not shown). No macrophage- 
colony stimulating factor receptor transcript was detected by 
oligonucleotide microarray analysis, confirming there was no 
significant monocytic contamination. 

Human PMNs express a limited repertoire of mRNA tran- 
scripts at baseline but respond to LPS with differential expres- 
sion of genes in many families. Considering only those genes 
present by microarray analysis in all three donors, unstimu- 
lated PMNs expressed 13.0% (923 of 7070 genes) of (he Af- 
fymetrix gene set. Gene classes represented at baseline include 
metabolic enzymes, structural proteins, receptors, signaling 
proteins, and transcription factors. By comparison, human 
monocytes expressed —40% and human fibroblasts —35% of the 
represented genes (data not shown). By the criterion of a >3- 
fold increase in expression in all three donors on Asymetrix 
oligonucleotide array analysis, exposure of PMNs to LPS for 4 h 
resulted in the up-regulation of 100 genes (Table I). 

Genes from several differen t functional classes were induced 
in PMNs following LPS exposure. Of interest, a number of 
transcriptional regulators were induced, including transcrip- 
tion factors of the NF-kB family. The transcriptional NF-kB 
complex has previously been implicated in the regulation of the 
genes induced by LPS (11). The genes for several cytokines and 
chemokines were also found to be up-regulated. These include 
TNF-a, IL-ip, IL-6, MCP-1, MlPSa, and MIPlp (Table I). 
PCR was performed to confirm the results from the microarray 
analysis. PCR analysis on selected genes indicates that the 
time course for changes can be rapid or delayed but parallel the 
changes found in the array at the 4-h time point (data not 
shown). Other up-regulated genes included those for metabolic 
enzymes, immune response molecules, kinases, phosphatases, 
signaling molecules, adhesion and cytoskeletal components, 
interferon-stimulated genes, and those with unknown or mis- 
cellaneous function (Table I). 

LPS stimulation of PMN also resulted in the down-regula- 
tion of 56 genes (Table II). Down-regulated genes were identi- 
fied as transcriptional regulators, protein and lipid kinases and 
phosphatases, structural molecules, and signaling molecules. 
Genes for metabolic proteins were also evident, as were several 
uncharacterized genes. 

Two-dimensional PAGE and Image Analysis — In contrast to 
the limited number of transcripts found at baseline, PMNs 
were found to express a large number and variety of proteins in 
the nonstimulated state (Fig. 1, A and C, and Tables J3I-V). 
Reproducible protein expression patterns were found on the pH 
3.0-10.0 gels, and the majority of proteins fell in the pH 5.0- 
7.0 range (Fig. 1A). The basic region (pH > 7.0) consistently 
exhibited poor resolution, precluding meaningful image analy- 
sis and further workup (data not shown). Depending on the 
spot-rinding parameters (minimum spot intensity, filter width) 
selected on the image analysis software, spot-by-spot manual 
editing was found to be necessary to avoid over- and underde- 
tected spots; moreover, further manual editing was performed 
to screen for unmatched and mismatched spots following 
matching of paired control and LPS-stimulated gels. After spot 



editing, —1200 well-resolved spots were evident on each pH 
3.0-10.0 gel. In an attempt to improve resolution of the pi 
range bearing the greatest number of well-resolved spots, over- 
lapping narrow pH range gels (pH 5.0-6.0, 5.5-6.7, 6-11) were 
also run. Of interest, a similar number of well-resolved spots 
(—1200) were detected on the narrow pH range gels (Fig. 1, C 
and D). Assuming a detection limit for Coomassie of 15 ng (0.25 
pmol, or 1.5 X 10 11 molecules, for a 60-kDa protein) and a 
protein load per gel corresponding to 75 X 10 6 PMNs, we 
estimate a detection limit on our gels of 2000 molecules/cell for 
a 60-kDa protein. As investigators have suggested in other cell 
lines with the use of high resolution two-dimensional-PAGE 
methods (30), we estimate that > 10,000 proteins are expressed 
in the resting PMN. 

Human PMNs respond to LPS with the differential expres- 
sion of a large number of proteins. In the six individual pH 
3.0-10.0 experiments, the number of protein spots that in- 
creased in integrated intensity by at least '50% following LPS 
exposure was 185, 122, 104, 104, 96, and 131, respectively. The 
number of protein spots that decreased by at least 50% follow- 
ing LPS exposure was 72, 151, 102, 98, 128, and 97, respec- 
tively. Although gel-to-gel regional variability in resolution was 
expected to account for individual spots not being well visual- 
ized on particular gels, only those spots that were matched to 
all. 12 original gels were analyzed further. Overall, the number 
of spots matched to all 12 original gels was 125. The numbers 
of spots that were both matched to all 12 original gels and th at 
increased by at least 50% in integrated intensity in the indi- 
vidual experiments following LPS exposure were 46, 13, 17. 27, 
22, and 20, respectively. The numbers of spots that were 
matched to all 12 gels and that decreased by at least 50% were 
6, 22, 17, 22, 34, and 28, respectively. The LPS-induced change 
in integrated intensity of the 125 spots that were matched to all 
12 original gels was subjected to statistical analysis with a 
two-tailed Student's i test, and those spots with statistically 
significant (p < 0.05) regulation among the six experiments 
were identified by peptide mass fingerprinting (Table III). 

Identification of LPS-regulated Proteins — Several proteins 
were consistently up-regulated on the pH 3.0-10.0 gels (Table 
III), including regulators of inflammation (annexin HI) and 
signaling molecules (Rab-GDP dissociation inhibitor /3). Sev- 
eral actin fragments were seen to be consistently up-regulated 
in the six experiments following LPS exposure (Table Eft). Of 
interest, the proteasome |S chain was also consistently up- 
regulated. Down-regulated proteins included other signaling 
molecules, such as Rho GTPase activating protein 1. 

On the pH 5.0-6.0 and 5.5-6.7 gels, several proteins were 
found to show increases of greater than 1.5-fold following LPS 
exposure (Tables IV and V), including cytoskeletal proteins, 
such as moesin, nonmuscle myosin heavy chain, and a putative 
phosphorylated form of nonmuscle myosin heavy chain, and 
signaling molecules, such as protein phosphatase 1 and P0 4 - 
stathmin. Hie putative phosphorylated form of nonmuscle my- 
osin heavy chain (spot #1101) was positioned 0.03 pH unit more 
acidic than the unmodified protein (spot #1102) (Fig. ID) and 
was distinguished by a tryptic peptide (mlz 1366.74) not pres- 
ent in the unmodified protein, consistent with phosphorylation 
of serine 685. Serine 685 is predicted by NetPhos 2.0 Prediction 
Server (available at www.cbs.dtu.dk/services/NetPhos/Ol)) to 
be a high probability phosphorylation residue and by Scan- 
Prosite ( www .expasy.ch/tools/scnpsite. html) to be a substrate 
for protein kinase C. Hie tryptic phosphopeptide identified in 
P0 4 -stathmin, extending from residues 15 to 27 (1468.7 Da), is 
consistent with phosphorylation of either serine 16, o known 
substrate for Ca 2+ /calmodulin (CaM)-dependent kinases (32), 
or serine 25, a known substrate for p386 and ERK (Fig. 2A) 
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O.U 


IAMijI 


TlfXQODA 

UUl#Zo4r 


C 1 
tl.l 


SNTJaci\Ti bundling protein 


TTftQrtK7 
UUoUO/ 




Gulecfin-1 llAxALSl 


M57710 


4.7 


MtiMD / A±AlAM 


U 30999 


4.2 






•3.9 




M31165 


O, 1 


Metabolic 






OTP cyclohydrvlase I 


U19523 


13.5 . 


NDUFV2/ubiquiaona reductase 


M22538 


8.6 


PSAsfA6Aprotcosome iota) 


X59417 


8.4 


DDP-galactose transporter (SLC35A2) 


084454 


7.3 


PLAU (urokinase) 


X02419 


6.4 


ffF/VtZ/Lrkynurenine hydrolase 


U57721 


5.5 


AMPD3 


D12775 


5 


P4HA]i\froXy\ 4-hydroxylase 


M24486 


4.7 


y Glutamylcysteine synthetase 


L35546 


4.5 


ATP6D 


J05682 


4.2 


ATP6S1 ' 


D16469 


4 
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Tabu? I — continued 



Description GenBank*** no. Change-fold 



Glycerol kinase X68285 3.6 

FACU 1.09229 3.5 

AK3 X60673 3.3 

Interferon -inducible 

ISG15 M13755 22.5 

Mxl M33882 19.4 

IFI56 M24594 12.1 

INDO M34455 5.2 

GBPI M55542 4.3 

PRKR U50643 3.7 

IFIT4 U52513 3.6 

IFI54 M14G60 3.5 

1FI58 U34605 3.5 

JFP35 U72882 3 

Other 

Gos2 M72685 48.8 

MIHC/IAP1 U37546 7.2 

WAA0W5 D14661 5.1 

fOAAOHS D42087 5 

SNAP23 U55936 5 

CASP5 U28015 4.8 

KIAA0I13 D30755 4.8 

KIAA0255 D87444 4.7 

Hepatotna-derived GF D16431 4.7 

PTGS2 D28235 4.6 

CD48 M37766 4.3 

UNC119 homolog U40998 4.2 

KIAA0151 D63485 3.9 

Rablb KM035GG0 3.8 

AnnexinVH J04543 3.7 

K2AA0110 D14811 3.7 

Adrenomedullin D14874 3.7 

AIM1 U83115 3.6 

KJAA0250 D87437 3.2 

P5-1 L06175 3.2 

Scavenger receptor expressed by endothelial cells D63483 3.2 

VHL L15409 3.1 



(33). Assuming that no other multiply phosphorylated stath- 
min species had escaped detection, analysis of the integrated 
intensities of the P0 4 -stathniin and stathmin spots indicates 
that the percentage of the P0 4 form of total cellular stathmin 
increased from 11% to 38% with LPS stimulation (Fig. 2JB). 
This is similar to a previous report of an increase from <10% to 
35-40% of the Ser^-phosphorylated form in Jurkat cells stim- 
ulated with anti-CD3 (34). 

Effect of SB203580 on LPS-stimulated Gene Expression— 
Gene expression analysis of PMNs stimulated with LPS indi- 
cated that the majority of genes induced by LPS were unaf- 
fected by prior treatment of PMN with SB203580. Of the 100 
genes up-regulated by LPS, the up-regulation of 23 was inhib- 
ited by greater than 40% (Table VI). The majority of these 
genes affected by SB203580 were inhibited by less than 60%, 
whereas only six were inhibited by greater than 60%, all of 
which represent previously identified interferon-stimulflted 
genes. Induction of cytokine genes by LPS, with the exception 
of IL-6, was generally unaffected by SB203580. 

Effect ofSB2035S0 on LPS- stimulated Protein Expressioti^- 
Similar to the effect of SB2O3580 on LPS-stimulated gene 
expression, little effect of SB203580 was seen on expression 
levels for the majority of LPS-regulated proteins (Table VII). 
Two exceptions are annexin III and a-enolase, for which LPS- 
stimulated expression was attenuated in the presence of the 
p38 MAPK inhibitor. 

Comparison of Microarray and Proteomics Results — Of the 
LPS-regulated proteins identified by peptide mass fingerprint- 
ing for which probes were present on the oligonucleotide mi- 
croarray, poor concordance was found at the mRNA level (Table 
VIII). For 13 LPS- up-regulated proteins, 2 corresponding 



mRNA transcripts were up-regulated, 1 was down-regulated, 5 
were unchanged, and 5 were not detected by the Affymetrix 
chip. For 5 down-regulated proteins, 3 corresponding tran- 
scripts were down-regulated, 1 was unchanged, and 1 was not 
detected. Varying patterns of LPS regulation emerge for those 
candidates detected at both the transcript and protein level. 
Proteasome 0 chain was up-regulated at both the transcript 
and protein levels (Table VIE), with no notable effect of 
SB203580 on expression at either level. Similarly, CAP1, Rho- 
GAP1, and ficolin 1 were down-regulated at both the mRNA 
transcript and protein level (Table VEII), with no notable effect 
of SB203580. Annexin HI was down-regulated at the transcript 
level and up-regulated at the protein level, with an inhibitory 
effect of SB203580 seen only at the protein level (Tables VII 
and VIH). 

DISCUSSION 

Interaction of bacterial LPS with the human PMN repre- 
sents a model system for studying the activation and output of 
the innate immune system during infection and inflammation. 
A recent publication (35) describes the gene expression changes 
of a cultured monocytic cell line after infection by the Gram- 
positive bacterium Listeria monocytogenes. The cell wall com- 
ponents of Gram-positive bacteria, like Gram-negative-derived 
LPS (i.e. from E. coli), are known to signal through TLRs (36, 
37). Importantly, many of the expression changes found in 
LPS-stimulated PMNs in the present study were also described 
in the bacteria-exposed monocytic cells, indicating that many of 
the gene expression changes seen in bacterial infection are 
likely mediated by TLRs (38, 39) and that the LPS model 
system accurately reflects exposure of immune cells to infec- 
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Table U 

Human neutrophil genes repressed f>4-fold) after 4 h of LPS exposure 



Description 



GenBunk™ no. 



Change 



Kinases 
CAMK, II, gamma 
Diacylglycerol kinase, delta 
PRKCL2tVRV& protein kinase C-like 2 
MAPKAPK3 

Protein kinase Ht31, cAMP-dependent 
CAMKII 

Transporters 
SLC25A5fBo\ute carrier family 25, member 5 
SLC19A1; folate transporter 
SLC2A3; facilitated glucose transporter 

Metabolic 
Carbonic anhvdrase IV 
ftNase A family, kG 
Glycogen phosphorylase; bver 
Inositol polyphospkate-6-phosphatase 
Inositol l,3 t 4~tri$pha$phate 5/6-kinase 
Transketolase 

Protein phosphatase 4 t reg. subunit 1 (clone 23640) 

Cytidine deaminase 

MGATl 

HMOX1 

MAN2A2 

Glycogenin (also represents U31525) 

Structural 
Fibrinogen-like protein (pT49 protein) 
H2AFZ 
PaxUlin 
fjctmin B R 
Dynamin 2 
Actinin 1 
a-Tubulin 

Tubulin., «7, isoform 44 

Transcriptional regulators 
Lymplmblastic. leukemia-derived sequence J 
MAX-interacting protein 1 
Nuclear factor crythroid 2 isoform f 
Transducer of ERBB2, 1 
NFATC4 
ATF-2 tCRE-Bpa) 

Receptors 



U5O360 
D63479 
U33052 
U09578 

HG2167-1IT2237 
1,07044 



J02683 

U17566 

M2068I 



L10955 

U64998 

M14636 

U67650 

U51336 

L12711 

U79267 

L27943 

M55621 

X06985 

L28821 

HG4334-HT4604 



Z36531 

M37583 

U14566 

L25931 

L36983 

M95X78 

XD1703 

HG2259--HT2348 



M22633 

L07648 

S77763 

D38305 

L41067 

1,05515 



-fttld 

-4 

-4.2 

-4.3 

-6.3 

-8 

-9.8 



-4.2 
-4.4 
-5 



-4.4 
-4.5 
-4.6 
-4.6 

-4.7 
-4.8 
-4.9 
-5.4 

-5.4 
-5.4 
-5.8 
-5.9 



-4.2 

-4.7 

-4.9 

-5.9 

-6.2 

-6.7 

-10 

-15 



■4.4 
4.5 
6 

6.9 
-7.8 
9.6 



Lymphotoodn. (1 receptor 


L04270 


-4.4 


Folate receptor H (gamma) 


U08471 


-5 




U 11875 


-5,3 


Signaling 






Pix a; cool '2 (KIAA0006) 


D25304 


-4.5 


yiRHB/RlioB 


M12174 


-4.5 


TNFSF10; TRAIL 


U37518 


-6.6 


Ca a+ binding 






ANX1I 


L19605 


-4.3 


S100A4 


M80563 


-4.8 


ANXI 


X05908 


-4.8 


Other 






Proteolipid protein 2 


L09604 


-4.9 


Protein phosphatase /, a catalytic subunit 


HG1614-HT1G14 


-5 


TIMP2 


M32304 


-5.1 


KIAA0199 


D83782 


-5,2 


IApin 2 (KIAA0249) 


D87436 


-5.6 


LKAfjP<Jawl) 


U 10485 


-5.8 


CUGBP2 


U69546 


-6.9 


Clone 23933 


U79273 


-7 


PECAM1 


L34657 


-8 


Delta sleep-inducing peptide 


Z50781 


-8.7 


DiGeorge synd. critical region gene 2 (KIAA0163) 


D79985 


-9 


SELPLG; CD 262; seiectin P ligand 


U25956 


-32 



tion. Nevertheless, the reliance upon DNA microarrays alone cation of both DNA microarray and proteomics technology to 
affords insight only into the transcriptional response without our model system provides unique insight into both the cellular 
corroboration at the protein level. In the present study, appli- biology of the activated PMN and the responsiveness and reg- 
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A B 




Fig. 1. Two-dimensional PAGE of LPS -exposed human PMNs. 
A and 8, colloidal Coomossie Blue-etained pH. 3.0-10.0, two-dimen- 
sional PAGE gelfi (A, control; B, LPS- exposed) with up-regulated tso/uf 
arrows) and down-regulated (hatched arrows) proteins indicated. These 
results are representative of six separate experiments. C and Z), colloi- 
dal Coomassie Blue-stained pH 5.0-6.0, two-dimensional PAGE gels 
(C, control; D, LPS-exposed) with up-regulated (solid arrows), new 
(solid arrow, open arrowhead) , and down- regulated (hatched arrows) 
proteins indicated. LPS-exposed PMNs from three blood donors were 
pooled. 

ulation of its transcriptional and translational machinery. As 
will be discussed below, our study identifies, in particular, 
novel aspects of the LPS -stimulated PMN transcriptional reg- 
ulation, activity in the innate immune response, signaling, 
cytoskeletal reorganization, and priming for granule release. 

In the present study, the increase in NF-kB transcript abun- 
dance (Table I) detected by the microarrays corroborates the 
findings of other studies of PMNs and monocytes (40) and 
indicates a mechanism for the responsiveness and scope of the 
PMN transcriptional machinery following LPS exposure. NF- 
kB, recently described to be activated by LPS through the 
TLR/MyD88/interleukin-l receptor-associated kinase pathway 
(1, 4), is the only transcriptional complex reported to be in- 
duced by LPS in the PMN. However, because the transcrip- 
tional NF-kB complex has been implicated in the regulation of 
only a portion of the genes induced by LPS in. this study (data 
not shown), the importance of alternative transcriptional reg- 
ulators in the PMN is clear. Of interest, several other known 
and putative transcriptional regulators with less well defined 
functions were also up-regulated in the present study, includ- 
ing PLAGL2, a putative zinc-finger protein, XBP-1, MTF-1, 
Ets-2, B-ATF, and DIF2. On the other hand, LPS-down-regu- 
lated genes include ATF-2 (a known target of p38), NFATC4, 
TOB-1, NF-E2, MXI-1, and LYL-1. Although the exact role of 
these gene products in regulating cell function is unknown, 



these data indicate that the range of transcriptional responses 
in the LPS-stimulnted PMN is much broader than previously 
suggested and that the signaling capabilities of the PMN in the 
immune response are thereby likely extended in scope and 
specificity. 

As expected from the literature, the genes for several cyto- 
kines and chemokines, including IL-1& IL-6, and MTP-lfS, were 
found to be up-regulated (Table I). On the other hand, the 
notable absence of up-regulated cytokines in the proteomics 
experiments reflects their removal in the post-LPS incubation 
wash performed prior to lysis for two-dimensional-PAGE. Up- 
regulation of these inflammatory mediators is well documented 
in PMNs exposed to LPS and in animal models of LPS-induced 
sepsis syndrome and acute respiratory distress syndrome, a 
PMN-mediated illness (41, 42). Several genes in this family 
were up-regulated that have not, to our knowledge, been de- 
scribed in LPS-stimulated cells, including MCP-1, GR03, 
IL-10RA, and HM74, an orphan G protein-coupled receptor 
with homology to chemokine receptors. The down-regulation of 
TNFSF10, lymphotoxin b receptor, and TNFAIP1 were also 
observed. The modulation of genes involved in cytokine signal- 
ing, including the adapter molecules TRAF1 (LPS and TNF 
receptor signaling) and TNFATP1 (TNF receptor signaling) and 
several kinases and phosphatases, may indicate a change in 
cytokine responsiveness after LPS treatment. Relevant in this 
regard from the proteomics data are: 1) the up-regulation of 
protein phosphatase 1, which has been shown to regulate PMN 
NADPH oxidase activation and translocation (43, 44) and to 
regulate LPS-induced NF-kB activation (45); 2) the down-reg- 
ulation of Rho-GAPl, which has been shown to regulate 
NADPH oxidase activity in the PMN (46); and 3) the up- 
regulation of P0 4 -stathmin (Table IV), a phosphoprotein pos- 
tulated to function as a relayer and integrator of multiple 
signal transduction pathways (34). Several noncytokine, 
nonchemokine genes involved in the immune response were 
also up-regulated, including the complement pathway mem- 
bers C3, C3AR1, and PFC\ the protease inhibitors ELANH2 
(elastase inhibitor), SLPI t PL3 t and PI -9; and the acute phase 
protein orosomucoid. LPS regulation of C3AR1 and orosomu- 
coid expression have not previously been reported. In the pro- 
teomics experiments, the down-regulation of ficolm-1 (Table III), 
a collectin-like cell surface protein reported to activate the com- 
plement system and to mediate adhesion and phagocytosis in 
monocytes but not previously reported in granulocytes (47), may 
represent negative modulation of the innate immune response. 
The finding that genes other than cytokines and chemokines are 
regulated by the PMN in response to LPS indicates that the PMN 
plays a more sophisticated role in host-defense and immunity 
than previously thought. 

Treatment of the PMN with LPS lead to the induction of a set 
of genes associated with the anti-viral Type I interferons, 
IFNa/p. This induction occurs independently of the release of 
IFN or another unidentified soluble factor. 2 Furthermore, the 
set of genes expressed is smaller than that induced by IFNa/0, 
as described by Der et at. (12). This may be due to differences in 
the scope of the signaling systems activated by LPS and 
IFNa/0, or the time course of analysis of genes in the LPS- 
stimulated PMN. The implication that LPS treatment of PMN 
allows PMN to express anti-viral activity is currently being 
tested. Of interest was the finding that induction of interferon- 
stimulated genes was blocked by pretreatment of PMNs with 
SB203580. Work from our laboratory has indicated that signal 
transducers and activators of transcription activation does not 
occur in response to LPS in PMNs. 2 In addition, interferon- 



2 K. C. Malcolm and G. S. Worth en, manuscript in preparation. 



31298 



LPS-activated Neutrophils: Microarrays and Proteomics 



Tabie in 

Analysis ofpH 3.0-10.0 two-dimensional PAGE gels 

Mean change(-fold) in expression level among six PMN donors is reported. The change in expression for the proteins listed was statistically 
significant {p < 0.05) as measured by a two-tailed Student's t test. 



Identification [spot no.] 


Swiaa-Prot no. 


CxSUillBLlXl 


l ii ear cucm 

MM 


Peptides matched/ 
submitted 


rrot-an 
covered 


Mean 
change 










% 


% 


fold 


Up-regulated 














Pro tea some fj chain [646] 


P28070 


27/5.7 


29.2/5.72 


9/12(75%) 


36% 


1.51 


Amiexin III [550] 


P12429 


31/5.7 


36.475.6 


14/18 (78%) 


42% 


1.37 


Actin fragmeM [544| a 


P02570 


32/5.5 


(41.7/5.29) 


13/15 (87%) 


(34%) 


1.74 


Actin fragment [5911" 


P02570 


30/5.4 


(4L7/5.29) 


14/18 (78%) 


(29%) 


1.60 


a-Enulase [380] 


P06733 


41/5.7 


47.2/7.01 


9/10 (90%) 


24% 


1.65 


Rab-GDP dissociation inhibitor 0 [289] 


P50395 


50/6.1 


50.7/6.11 


10/11 (91%) 


25% 


1.24 


Glutathione S- transferase P [648] 


P09211 


23/5.5 


23.4/5.43 


6/3 (75%) 


41% 


1.54 


Pre-B-cell colony enhancing factor [1152] 


P43490 


53/7.0 


55.5/6.69 


12/16 (75%) 


' 25% 


1.29 


Down-regulated 














Adenylyl cyclase-associated protein 1 [256] 


Q01518 


55/7.3 


51.7/8.07 


16/22 (73%) 


34% 


0.53 


Rho-GAPl [283] 


Q079G0 


50/5.8 


50.4/5.85 


7/9 (78%) 


22% 


0.67 


Ficolin 1 [511] 


000602 


. 33/6.5 


35/6.39 


10/12 (83%J 


26% 


0.74 



a The theoretical pi and M K of native actin are indicated. Protein coverage indicates coverage of native actin. 

Table IV 

Analysis of pH 5.0-6.0 two-dimensional PAGE geh 

Results are from pooled samples for control (n- 3) and LPS-exposed {n ~ 3) PMNs from human donors. Expression of the reported proteins was 
altered > 1.5-fold following LPS exposure in two repeat experiments. "New" designates proteins seen in the LPS gel in two repeat experiments but 
not detectable in the corresponding control gels. 



Identification [spot no.] 


Swiss-Prot 
no. 


Estimated 


Theoretical 
M K / P I 


Peptides matched/ 
submitted 


Protein 
covered 


Change 










% 


% 


-foM 


Up-regulated 














Protein-tyrosine kinase 9-like [468] 


Q9Y3F5" 


34/5,81 


39.5/6.37 


10/14 (71%) 


34% 


1.8 


Protein phosphatase 1, catalytic subunit, (i isoform 


P37140 


38/5.73 


37.2/5.84 


7/10 (70%) 


22% 


2.0 


[378] 










PO^stathmin 15771 


P16949* 


18/5.36 


17.3/5.76 


9/12(75%) 


42% 


2.1* 


Konmuscle myosin heavy chain [1102] 


189036* 


145/5.32 


145/5.23 


20/21 (95%) 


17% 


New 


Putative P0 4 -nonmuscle myosin heavy chain 1 1.101}'* 


^OSe'"* 


145/5.29 


145/5.23 


14/16 (87%) 


13% 


New 


Leukocyte elastase inhibitor [318] 


P30740 


42/5.71 


42.7/5.9 


9/13 (69%) 


22% 


2.4 


Grancalcin [1004] 


P28676 


24/5.36 


24.0/5.02 


7/10 (70%) 


31% 


New 


Down-regulated 














Adenosylhomocysteinase [324] 


P23526 


48/5.82 


47.7/6.04 


7/9 (78%) 


14% 


0.4 


PEST phosphatase interacting protein homolog [234H 


41G0162' 


48/5.30 


47.675.35 


11/13 (85%) 


30% 


0.5 



n TrEMBL accession number. 
b Accession number and theoretical pi and Af K for the unmodified protein are indicated. 
c JVCBI accession number. 
4 .See text for explanation. 

* Among three experiments, (he ratio of P0 4 -stuthmin expression increase, following LPS exposure in the presence of SB 203 5 80 divided by that 
in the absence of SB203580, was 0.93. 

f Genpept accession number. 

* This search was performed using average masses measured by line»r mode MALDI-TOF MS. 

Table V 

Analysis of pH 5.5-6.7 two-dimensional PAGE gels 

Results are from pooled samples for control (n ~ 3) and LPS- exposed (n = 8) PMNs from human donors. Expression of the reported proteins was 
altered > 1.5-fold following LPS exposure in two repeat experiments. 



Identification [spot no.] 


Swiss- Fret 
no. 


Estimated 

AVpi 


Theoretical 
MM 


Peptides matched/ 
submitted 


Protein 
covered 


Change 










% 


% 


-fuld 


Up-regulatcd 














Tninsaldolase [475] 


P37837 


38/5.95 


S7.5/6.36 


13/17 (76%) 


33% 


2.5 


Isocitrate dehydrogenase [431] 


075874 


4676.25 


46.7/6.35 


7/7(100%) 


13% 


2.3 


Moesin [201] 


P26038 


61/6.09 


G7.B/6.07 


11/13 (85%) 


17% 


2.1 


/c-Enolase (459] 


P06733 


43/5.64 


47.2/7.01 


7/10 (70%) 


17% 


3,8 


Down -regulated 














Calponin H2 [240] 


Q99439 


34/6.65 


33.7/6.94 


10/11 (90%) 


27% 


0.5 



regulatory factor 3, a known regulator of mterferon-stimulated 
gene transcription, is not a direct target of p38 kinase. 2 There- 
fore, gene expression analysis of LPS-stiinulated PMNs has 
uncovered a previously uncharacterized signal transduction 
system that is sensitive to inhibition of p38 MAPK. 

Knowledge of the genes down-regulated by LPS permits the 



development of further hypotheses addressing PMN function in 
the face of infection. Strikingly, several down-regulated genes 
and gene products are structural in nature {e.g. paxillin, acti- 
nin, calponin H2) (Tables II and V). A known consequence to 
the PMN of LPS exposure is decreased motility (48). Up- regu- 
lation of genes for adhesion molecules (ICAM- 2, CD44, AL- 
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TABIJ5 VI 

Effect ofSB20358Q on LPS-stimulated gene expression 

Genes are reported for which the SB20358Q/control expression, ratio 
is 0.60. 


Lrene name 


-fold change ratio 
(SB203560/control) 


Change in absence 
ofSB203580 






-fold 


ISG15 


0.09 


22.5 


HCR 


0.38 


20.8 


Mx-1 


0 


19.4 


IFIS6 


0 


12.1 


PI-9 


0.67 


9.5 


Et<t-2 


0.59 


7.4 


IL-6 


0.45 


6.3 


Rel 


0.50 


6.2 


1AMS1 


0.58 


6.1 


C3AR1 


0.49 


6.1 


INDO 


0.35 


5.2 


KIAA0105 


0.41 


5.1 


SNAP23 


0.58 


6.0 


SLPI 


0.68 


4.7 


ELNAH2 


0.49 


4.6 


HM-74 


0.57 


3.8 


PKR 


0 


3.7 


MAO 


0.21 


3.6 


IFIT4 


0.12 


3.6 


Glycerol kinase 


0 


3.6 


IFI54 


0 


3.5 


IFI58 


0.39 


3.5 


XPF35 


0.46 


3.0 




Fig. 2. A, the predicted sequence of the tryptic phosphopeptide in 
P0 4 -atathmin (1468.72 Da). The peptide inaas measured by MALDI- 
TOF MS and the predicted mass differed by 14 ppm. As indicated, two 
alternate phosphorylation sites are possible: serine 16 and serine 25. B, 
P0 4 -stathmin and etathmin were identified on the control and LPS- 
exposod pH 5.0—6.0 gels. Consistent with phosphorylation, the P0 4 - 
stathmin spot was distinguished by a peptide of mass 1468.72 Da (Le. 
80 Da greater than the peptide of 1388.72 Da seen in the etathmin spot). 
Assuming that n o other multiply phosphorylated stathmin species have 
escaped detection, analysis of the integrated intensities of the P0 4 - 
stathiuin and stathmin spots indicates that the percentage of the P0 4 
form of total cellular stathmin has increased from 11% to 38% with LPS 
stimulation. The decrease in integrated intensity for stathmin was 
equal in amount to the increase in P0 4 -stathmin following LPS 
exposure. 

CAM, and TSG-6\ and down-regulation of genes for structural 
proteins, indicates a genetic basis for this observation. Down- 
regulation of two genes implicated in cytoskeletal regulation, 
Pix-a and RhoB t was also observed. The calcium-binding pro- 
tein S100A4, down-regulated in LPS-treated PMNs (Table II).. 
has been implicated in cell motility and metastasis (49). De- 
creased motility may be beneficial in sustaining the inflamma- 
tory response at sites of infection. In addition, LPS treatment 
results in an inhibition of apoptosis (50). Therefore, the longer 
residence time of the PMN at sites of infection is consistent 
with the long term genetically coded changes seen in these 
gene-profiling experiments and indicates that the changes in 
gene expression are functionally relevant to host defense and 
immunity. 

By providing information on post-translational modification, 
the proteomics data may provide further insights into the cy- 



Table VII 

Effect of SB2035S0 on LPS-stimulated protein expression 



Protein name 


•fold rhungt* rutin 
(SB203580Wtrol) 


Change in 
ubsence of 
SB2035S0 






-fbld 


Up-regulated 






Pro teas onie 0 chain 


0.8 


1.51 


Annex in III 


0.6 


1.37 


Actin fragment [544] 


0.8 


1.74 


Actin fragment [591) 


0.8 


1.60 


a-Enolase 


0.6 


1.65 


Rab-GDP dissociation inhibitor J3 


1.1 


1.24 


Glutathione S-transferase P 


1.2 


1.64 


Pre-B-cell colony enhancing factor 


1.2 


1.29 


Down-regulated 






Adenylyl cyclase-as&ociated protein 1 


1.3 


0.53 


Rho-GAPl 


0.8 


0.67 


Ficolin 1 


1.0 


0.74 



toskeletal remodeling effects of LPS upon the PMN. We con- 
tend that the actin fragments identified (Table III) are unlikely 
to represent technical artifacts. Rather, their specificity (iden- 
tical molecular weight/pi among different experiments), statis- 
tically significant up-regulation by LPS, as well as the use of a 
lysis buffer containing chaotropes and multiple protease inhib- 
itors argue instead that these fragments are physiologic con- 
sequences of LPS exposure in the human PMN. More specifi- 
cally, the up-regulation of these fragments following LPS 
exposure (Table HI) suggests that LPS may activate an actin- 
cleaving enzyme, which, in turn, remodels the cytoskeleton. 
Intriguing in this vein, calpain has recently been reported to 
play an important role in cell migration and cytoskeletal orga- 
nization of fibroblasts (51). The possibilities that LPS may 
induce calpain activation and that calpain activation may reg- 
ulate cytoskeletal reorganization and motility arc; currently 
under investigation. An alternative possibility is that actin 
cleavage is a marker of neutrophil apoptosis (52). 

Other LPS-regulated proteins may play important roles in 
cytoskeletal reorganization. The up-regulation of protein-ty- 
rosine kinase 9-like (A6-related protein) may modulate LPS- 
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Table VUf 

LPS-regulated proteins for which a probe was present on the 

Affymetrix chip 

A comparison of corresponding protein and mRNA transcript changes 
following LPS exposure is Bhown. 

IVotein mRNA change 



-fold 



Up-regulated 



Protcasoinc ft chain 


1.5 


1.9 1 


Leukocyte elasiase inhibitor 


2.4 


4.6 1 


Rab-GDl fi 


1.24 


NC a 


Grancalcin 


New 


NC 


Tranealdolase 


2.5 


NC 


Moesin 


2.1 


NC 


Nonmuscle myosin heavy chain 


New 


NC 


Glutathione S-transferase P 


1.54 


Absent 


Pre-B cell enhancing factor 


1.29 


Absent 


Is o citrate dehydrogenase 


2.3 


Absent 


P0 4 -statiunin 


2.1 


Absent (stathmin.) 


Protein phosphatase 1, fi catalytic sub unit 


2 


Absent 


Annexin III 


3.1 


3.1 1 


Down -regulated 






Adenvlyl cyclase- associated protein 1 


1.9 


2.1 1 


Rho-GAP i 


1.5 


2.7 4 


Picolin 1 


1.4 


1.7 i 


Adenosylhomocys tein ase 


2.5 


Absent 


Calponin H2 


2 


NC 


a NC, no measureable change. 



induced uctin polymerization, because it bears a high degree of 
homology to twinfilin (A6), an actin monomer-binding protein 
that localizes to sites of rapid filament assembly in cells and is 
believed to regulate actin filament turnover (53). In turn, LPS- 
induced down-regulation of Rho-GTPase activating protein 1 
(Table IE) may regulate twinfilin (and protein- tyrosine kinase 
9-like) activity, because twinfilin has been shown to colocalize 
with Racl and Cdc42 and to be regulated by active Racl in NIH 
3T3 cells (53). Activation of Rho proteins may be facilitated by 
LPS up-regulation of moesin (Table V), because moesin report- 
edly induces the dissociation of Rho from GDI (54). Racl may, 
in turn, promote activation of the actin filament-nucleating 
Arp2/3 complex through interactions with WASP (Wiskott-Al- 
drich syndrome protein) family proteins (55) and, interestingly, 
is postulated to regulate the dynamics of both the actin and 
microtubule cytoskeletons via phosphorylation of stathmin (Ta- 
ble IV) (56). Calponin H2 is an actin-binding protein not pre- 
viously reported in PMNs that is postulated to play a role in 
cytoskeletal organization (57). Its down-regulation by LPS (Ta- 
ble V) likely modulates LPS-induced cytoskeletal reorganiza- 
tion. The up-regulation of nonmuscle myosin heavy chain and a 
putative phosphorylated form of myosin heavy chain (putative 
protein kinase C substrate by prediction rules) in the LPS- 
exposed PMN (Table IV) is of uncertain significance; myosin 
has been implicated in multiple functions in the PMN, includ- 
ing locomotion, fluid pinocytosis, and phagocytosis (58). Of 
interest, however, S100A4 (down-regulated, Table II) lias been 
reported to regulate cytoskeletal dynamics by inhibiting pro- 
tein kinase C-mediated phosphorylation of nonmuscle myosin 
heavy chain (59). 

LPS induction of stathmin phosphorylation (Table IV and 
Pig. 2) may represent another mechanism by which the cy- 
toskeleton is remodeled. Stathmin is a phosphoprotein report- 
edly involved in both signal transduction and in regulation of 
the microtubule filament network; furthermore, phosphoryla- 
tion of stathmin has been reported to modulate its tubul in- 
binding avidity (60). Inferences can be made about both the 
phosphorylation site on P0 4 -stathmin and the responsible ki- 
nase induced by LPS. Four phosphorylation sites in stathmin 
have been well described: Ser lti , Ser 26 , Ser 38 , and Ser 63 (32, 33). 



Ser i6 has been reported as a substrate for Ca 2+ /calmodulin 
(CaM)-dependent kinases (32), and Ser 25 as primarily a sub- 
strate for p38 and ERK (33), with p34 ,5dc2 also active but bear- 
ing a 5-fold preference for Ser 3 * 1 (34). As stated above, the 
phosphopeptide identified in P0 4 -stathmin, extending from 
residues 15 to 27 (1468.7 Da), is consistent with phosphoryla- 
tion of either Ser 16 or Ser 25 (Fig. 2). Although both p388 and 
p38a MAPK isoforms are expressed in the human PMN, LPS 
has been shown to selectively activate the p38a isoform in 
human PMNs (9). The p38a isoform, however, has been shown 
to be relatively inactive at Ser 25 ; in fact, p38S is ~ 100-fold more 
active at Ser 26 , and selective p38ot inhibitors do not inhibit the 
stress-activated phosphorylation of stathmin in 293 cells (33). 
Further support for the lack of involvement of p38 signaling in 
phosphorylation of stathmin in our system is the apparent lack 
of effect of SB203580 (a selective p38a. and p38/3 inhibitor) on 
LPS-induced expression of P0 4 -stathinin (Table IV). Because 
p34 cdc2 is relatively inactive at Ser 26 (34), we conclude that the 
phosphorylation site is likely to be Ser 16 , a reported substrate 
of CaM-dependent kinase. Although CaM kinases have previ- 
ously been implicated in gene activation in LPS-exposed my- 
elomonocytic HD11 cells (61). stathmin signaling has not, to 
our knowledge, been previously reported in either PMNs or 
lipopolysaccharide signal transduction. 

Cytoskeletal reorganization, a well-described regulator of 
granule release (62), may underlie LPS-induced priming for 
PMN granule release, but several LPS-regulated proteins may 
provide more specific clues. LPS exposure led to increased 
levels of grancalcin, a calcium-binding protein previously de- 
tected in PMNs and shown to translocate to granules and 
plasma membrane in the presence of physiologic concentra- 
tions of calcium (63). Similarly, annexin III, a calcium-binding 
protein highly expressed in PMN granule membranes and im- 
plicated in calcium-mediated secretion (64) and in granule fu- 
sion (65), was also found to be up-regulated. Exocytosis of 
granule contents may also be facilitated by LPS up-regulntion 
of Rab-GDP dissociation inhibitor (Table III), which has been 
proposed to recycle Rab after vesicle fusion by extracting it 
from the membrane and loading it onto newly formed transport 
intermediates (66). 

Parallel use of DNA microarrays and proteomics affords a 
powerful strategy for comparison of corresponding mRNA tran- 
scripts and proteins, thereby affording new insight into the 
mechanisms by which the cell regulates its signaling responses 
to the external environment. Of interest, a poor correlation was 
found between corresponding transcripts and proteins (Table 
VIE), as reported in other systems (17, 18). The finding in some 
cnses of unchanged transcript abundance in the face of regu- 
lated protein levels indicates post-transcriptional modulation 
following LPS exposure. The finding of undetected transcripts 
in tiie face of regulated levels of the corresponding proteins 
may indicate previ ous transcription of these genes in an earlier 
state of the myeloid maturation of the PMN, producing stable 
protein species that have undergone post-translational alter- 
ation following LPS exposure. The use of SB203580, a p38 
inhibitor, adds further insights into the mechanisms of LPS 
regulation. At the level of mRNA expression, SB203580 inhib- 
ited 23% of LPS-stiniulated genes by >40% and 11% of genes 
by ^60%; therefore, p38 plays a specific role in gene regulation 
in the PMN. In particular, proteasome 0 chain was up-regu- 
lated at both the mRNA transcript and protein level (Table 
VIII), with no notable effect of SB 203 580 on expression at 
either level, consistent with a non-p38-mediated pathway of 
primary transcriptional up-regulation induced by LPS. Simi- 
larly, CAP1, Rho-GAPl, and ficolin 1 were down-regulated at 
both the mRNA transcript and protein level (Table VIII), with 
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no notable effect of SB203580, consistent with a non-p38-me- 
diated pathway of primary transcriptional down-regulation. 
Interestingly, anriexin III was down-regulated at the transcript 
level and up-regulated at the protein level, with an inhibitory 
effect of SB203580 seen only at the protein level (Table VII), 
consistent with a p38-mediated post-transcriptional up-regula- 
tion induced by LPS. 

Limitations of the present study should be noted. Gene ex- 
pression analysis by cDNA microarrays does not distinguish 
between transcriptional regulation and mRNA stabilization; 
similarly, two-dimensional PAGE proteomics by itself does not 
distinguish among transcriptional, translational, or post-trans- 
lational regulation of protein abundance. Transcript detection 
by microarray technology is limited to the probes included; 
protein identification by two-dimensional PAGE proteomics is 
limited to well-resolved regions of the gel, may perform less 
well with hydrophobic and high molecular weight proteins, and 
tends to select for more abundant protein species (30). Harvest- 
ing of the LPS-incubated PMNs at 4 h may have prevented 
detection of earlier, transient changes and may have thereby 
introduced artifactual transcript-protein discordance. Further- 
more, the post-LPS incubation, pre-two-dimensional PAGE cell 
washes would be expected to remove secreted proteins from 
further analysis, with uncertain effects on detected protein 
abundance depending on such factors as the degree of de novo 
synthesis and extent of degranulation/exocytosis. Because pro- 
tein binding of Coomassie Blue has a limited dynamic range 
and is typically not linear throughout the range of detection, 
image analysis of Coomassie Blue-stained protein spots should 
be considered semi-quantitative. For some protein spot3, the 
apparent magnitude of regulation by LPS may have been 
blunted by the spot approaching staining saturation in the 
control gel By limiting our analysis to those protein spots 
common to all twelve pH 3.0—10.0 two-dimensional gels, we 
likely excluded some LPS-regulated proteins that happened to 
be either poorly resolved on a subset of the gels or unmatched 
by the image analysis software. By further limiting the analy- 
sis to those matched spots on die pH 3.0-10.0 gels for which a 
two-tailed t test demonstrated p < 0.05, the list of regulated 
proteins was likely also limited 03* statistical power. In addition 
to those regulated proteins listed in Table III, three others were 
up-regulated and three down-regulated withp < 0.09 (data not 
shown). 

Limiting our reported results to those changes that met 
statistical significance among the donors carries further impor- 
tant implications. We have encountered a two order of magni- 
tude range of response in unselected donor LPS-induced PMN 
functions, such a3 TNF-a and superoxide anion release (data 
not 6hown). The sources of this physiologic heterogeneity re- 
main uncertain but may possibly include such factors as nat- 
ural mutations of the LPS receptor component, TLR4 (67). By 
selecting for LPS effects common to all donors, we may not have 
characterized the range of genomic and proteomic heterogene- 
ity present in the population and thereby may have focused on 
only a narrow portion of a broader biological response to LPS. 
We contend that this reductionist approach is valid because it 
would be expected to enrich for biologically integral responses 
of the PMN to LPS. Nevertheless, correlation of genomic and 
proteomic profiles with functional phenotypes of the PMN may 
bear important diagnostic and therapeutic implications and 
will be pursued in future studies. 

Widespread regulation of numerous noncytokine/chemokine 
genes and proteins in the LPS-stimulated human PMN is a 
novel finding. These data indicate that, despite a narrow scope 
of gene expression in the nonstimulated state, the terminally 
differentiated, short-lived PMN likely plays a role in the innate 



immune response that is far more sophisticated and dynamic 
than the simple release of preformed inflammatory mediators. 
Although gene expression appears to be an important mecha- 
nism by which PMNs respond acutely to infection, mRNA tran- 
script/protein concordance is limited, and post-transcriptional 
(and post-translational) modifications also play an important 
role. The alteration of multiple transcriptional regulators, G- 
protein regulators, P0 4 -stathmin, and protein phosphatase 1 
indicates that one of the responses to LPS exposure is to modify 
subsequent signaling events by bacterial components or by 
other cytokines and chemokines. Finally, the finding that p38 
MAPIC mediates LPS regulation of a limited subset of tran- 
scripts and proteins underlines the continuing need to define 
signal transduction cascades in the neutrophil 
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The relationship between gene expression measured at 
the mRNA level and the corresponding protein level fs not 
well characterized in human cancer. In this study, we 
compared mRNA and protein expression for a cohort of 
genes (n the same lung adenocarcinomas. The abun- 
dance of 165 protein spots representing 98 individual 
genes was analyzed in 76 lung adenocarcinomas and nine 
non-neoplasttc lung tissues using two-dimensional poly- 
acryl amide gel electrophoresis. Specific polypeptides 
were identified using matrix-assisted laser desorption/ 
ionization mass spectrometry. For the same 65 samples, 
mRNA levels were determined using oligonucleotide mi- 
croarrays, allowing a comparative analysis of mRNA and 
protein expression among the 165 protein spots. Twenty- 
eight of the 165 protein spots (17%) or 21 of 98 genes 
(21 .4%) had a statistically significant correlation between 
protein and mRNA expression (r > 0.2445; p < 0.05); 
however, among all 165 proteins the correlation coeffi- 
cient values (r) ranged from -0.467 to 0.442. Correlation 
coefficient values were not related to protein abundance. 
Further, no significant correlation between mRNA and 
protein expression was found (r - -0.025) if the average 
levels of mRNA or protein among all samples were applied 
across the 165 protein spots (98 genes). The mRNA/ 
protein correlation coefficient also varied among pro- 
teins with multiple isoforms, indicating potentially sep- 
arate fsoform-specffic mechanisms for the regulation of 
protein abundance. Among the 21 genes with a signifi- 
cant correlation between mRNA and protein, five genes 
differed significantly between stage I and stage III lung 
adenocarcinomas. Using a quantitative analysis of mRNA 
and protein expression within the same lung adenocarci- 
nomas, we showed that only a subset of the proteins 
exhibited a significant correlation with mRNA abundance. 
Molecular & Cellular Proteomlcs 1:304-313, 20O2. 

Lung cancer is the leading cause of cancer death for both 
men and women in the United States. Adenocarcinomas of 
the lung comprise -'40% of all new cases of non-small ceil 
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lung cancer and are now the most common histologic type. 
Functional genomics, broadly defined as the comprehensive 
analysis of genes and their products, have become a recent 
focus of the life sciences (1 ). Application of these approaches to 
lung adenocarcinomas has the potential to aid in the identifica- 
tion of high risk patients with resectable early stage lung cancer 
that may benefit from adjuvant therapy, as well as to identify 
new therapeutic targets. In human lung cancer, however, little is 
currently understood regarding the relationship between gene 
expression as determined by measuring mRNA levels and the 
corresponding abundance of the protein products. 

A number of powerful techniques for analysis of gene ex- 
pression have been used including differential display (2), 
serial analysis of gene expression (3), DNA microarrays (4), 
and proteomics via two-dimensional polyacrylamide gel elec- 
trophoresis and mass spectrometry (5). Bioinformatics tools 
have also been developed to help, determine quantitative 
mRNA/protein expression profiles of all types of cells and 
tissues (6) and now can be applied to benign and malignant 
tumors. DIMA microarrays (cDNA and oligonucleotide) permit 
the parallel assessment of thousands of genes and have been 
utilized in gene expression monitoring (7), polymorphism anal- 
ysis (8), and DNA sequencing (9). Recent studies have fo- 
cused on classification or identification of subgroups of lung 
tumors using DNA microarrays (10, 11). The use of mRNA 
expression patterns by themselves, however, is insufficient for 
understanding the expression of protein products, as addi- 
tional post-transcriptional mechanisms, including protein 
translation, post-translational modification, and degradation, 
may influence the level of a protein present In a given cell or 
tissue. Proteomic analyses, a complementary technology to 
DNA microarrays for monitoring gene expression, involves 
protein separation and quantitative assessment of protein 
spots using 2D 1 -PAGE and protein identification using mass 
spectrometry. By combining proteomic and transcriptional 
analyses of the same samples, however, it may be possible to 
understand the complex mechanisms influencing protein ex- 
pression in human cancer. 

In this study, we determined mRNA and protein levels for 
165 proteins (98 genes) in 76 lung adenocarcinomas and nine 



1 The abbreviations used are: 2D. two-dimensional; MALDI-MS, 
matrix -assisted laser desorption/ionization mass spectrometry. 
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Protein and mRNA Correlation in Lung Adenocarcinomas 



Table 1 

Correlation coefficients of protein and mRNA where only one spot was present on 2D geis 
r* t correlation coefficient value > 0.2445; p < 0.05. Values in boldface are significant at p < 0.05. 



Spot . Unigene Gene name r* Protein name 



1104 


Hs.184510 


SFN 


0.4337 


14-3-3 tr 


0994 


Hs.77840 


ANXA4 


0.4219 


Annexin IV 


1314 


Hs.10958 


DJ-1 


0.3982 


DJ-1 protein/MER5 


1454 


Hs.75428 


SOD1 


0.3863 


Superoxide dlsmutase (Cu-Zn) 


1638 


Hs.227751 


LGALS1 


0.3318 


Galectin 1 


0264 


Hs. 129548 


HNRPK 


0.3034 


Transformation up-regulated nuclear protein 


1405 


Hs.1 11 334 


FTL 


0.2B49 


Ferritin light chain 


0963 


Hs.30071 1 


ANXA5 


0.2468 


Annexin V 


1252 


Hs.4745 


PSMC 


0.2445 


26 S proteasome p28 


0906 


Hs.234489 


LDHB 


0.4420 


L-lactate dehydrogenase H chain (LDH-B) 


1171 


Hs.241515 


COX11 


0,2310 


COX 11 


1160 


Hs.181013 


PGAM1 


0.2023 


Phosphoglycerate mutase 


0759 


Hs.74635 


OLD 


0.1965 


Dihydrolipoamide dehydrogenase precursor 


1193 


Hs.B3383 


AOE372 


0.1932 


Antioxidant enzyme AOE372 


0172 


Hs.3069 


HSPA9B 


0.1872 


GRP75 


0777 


Hs.979 


PDHB 


0.1855 


Pyruvate dehydrogenase E1-0 subunit precursor 


1249 


Hs.226795 


GSTP1 


0.1773 


Glutathione S-transferase pi (GST-pi) 


1685 


Hs.76136 


TXN 


0.1732 


Thioredoxin 


1205 


Hs.82314 


HPRT1 


0.1588 


HG phosphoribosyttransf erase 


1230 


Hs.279860 


TPT1 


0.1466 


Translationally controlled tumor protein (TCTP) 


0603 


Hs.161357 


LAMR1 


0.1463 


LAMR 


1358 


Hs.28914 


APRT 


0.1399 


Adenine phosphoribosyl transferase 


1410 


Hs.82113 


DUT 


0.1213 


dUTP pyrophosphatase (dUTPase) 


1825 


Hs.1 12378 


LIMS1 


0.1213 


Pinch-2 protein 


0871 


Hs.250502 


CAS 


0.1122 


Carbonic anhydrase-related protein; Syntaxin 


0289 


Hs.82916 


CCT6A 


0.1106 


Chaperonin-iike protein 


1143 


Hs.11465 


GSTTLp28 


0.0997 


Glutathione S-transferase homolog (GST homolog) 


1456 


Hs. 11 8638 


NME1 


0.0932 


Nm23 (NDPKA) 


1598 


Hs.278503 


RIG 


0.0905 


RUG (U32331) 


1354 


Hs.89761 


ATP5D 


0.0904 


FIFO-type ATP synthase subunit d 


1445 ' 


Hs.155485 


HIP2 


0.0843 


Huntingtin interacting protein 2 (HIP2) 


1479 


Hs.1 77486 


APP 


0.0746 


Amyloid B4A 


0608 


Hs.182265 


KRT19 


0.0439 


Cytokeratin 19 


1071 


Hs.10842 


RAN 


0.0277 


GTP -binding nuclear protein RAN(TC4) 


0991 


Hs.297939 


CTSB 


0.0254 


Cathepsin B 


0842 


Hs.77274 


PLAU 


0.0248 


Urokinase plasminogen activator 


0823 


Hs.198248 


B4GALT1 


0.C183 


fl 1 ,4-qaiactosyl transferase 


0613 


Hs.1247 


APOA4 


0,0176 


Apolipoprotein A4 (ApoA4) 

Til » ■ * 


1x338 


Hs.1 04 143 


Cl.TA 


0.0123 


Clathrin light chain A 


0902 


Hs.5123 


SID6-306 


0.0117 


Cvtosolic inorganic pyrophosphatase 


1688 


Hs.1473 


GRP 


-0.0040 


Preprogastrin-releasing peptide 


0265 


Hs.274402 


HSPA1B 


-0.0071 


Heat shock -induced protein 


1414 


Hs. 77541 


ARF5 


-0.0096 


ADP-ribosylation factor 1 


0710 


Hs.97206 


H!P1 


-0.0114 


Huntingtin interacting protein 1 (HIP1) 


0532 


Hs.1 70328 


MSN 


-0.0132 


Moesin/E 


0525 


Hs.284255 


ALPP 


-0.0148 


Alkaline phosphate, placental 


0513 


Hs.76901 


PDIR 


-0.0289 


Protein disulfide isomerase-related protein 5 


1659 


Hs.256697 


HINT 


-0.0312 


Protein kinase C inhibitor 


1262 


Hs.7016 


RAB7 


-0.0362 


Rab 7 prot9in 


0190 


Hs.184411 


ALB 


-0.0470 


Albumin 


0948 


Hs.2735 


LDHA 


-0.0549 


Lactate dehydrogenase-A (LDHA) 


0502 


Hs.1 80532 


GPI 


-0.0575 


Hsp89 


0152 


Hs.75410 


HSPA5 


-0.0640 


GRP78 


1054 


Hs,74276 


CLIC1 


-0.06tf6 


Nuclear chloride channel (RNCC protein) 


0709 


Hs.253495 


SFTPD 


-0.0936 


Pulmonary surfactant protein D 


0867 


Hs.78996 


PCNA 


-0.0982 


PCNA 


0165 


Hs.180414 


HSPA8 


-0.1014 


Heat shock cognate protein, 71 kDa 


1109 


Hs.75103 


YWHA2 


-0.1018 


14-3-3 f/A 


0137 


Hs.554 


SSA2 


--0.1032 


Ro/ss-A antigen 
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Tabl- \— continued 



Spot 


Unigene 


Gene name 




Protein name 


0278 


Hs.4112 


TCP1 


-0.1237 


T-complex protein 1, a subunit 


1769 


Hs.9614 


NPM1 


-0.1738 


B23/numatrin 


0089 


Hs.74335 


HSPCB 


-0.2049 


Hsp90 


2511 


Hs.153179 


FABP5 


-0.2109 


E-FABP/FABP5 


1739 


Hs.16488 


CALR 


-0.2344 


Calreticulin 32 


1138 


Hs.301961 


GSTM4 


-0.2438 


Glutathione S-transferase M4 (GST m4) 


2533 


Hs.77060 


PSMB6 


-0.2512 


Macropain subunit A 



non-neoplastic lung tissues. Protein levels were determined 
using quantitative 2D-PAGE analysis, and the separated pro- 
tein polypeptides were identified using matrix-assisted laser 
desorption/ionization mass spectrometry (MALDI-MS). The 
corresponding mRNA levels for the identified proteins within 
the same samples were determined using oligonucleotide 
mlcroarrays. Correlation analyses showed that protein abun- 
dance is likely a reflection of the transcription for a subset of 
proteins, but translation and post-translational modifications 
also appear to influence the expression levels of many indi- 
vidual proteins in lung adenocarcinomas. 

EXPERIMENTAL PROCEDURES 

Tissues— Ftfty-seven stage I and 19 stage III lung adenocarcino- 
mas, as well as nine non-neoplastic lung tissue samples, were used 
for protein and mRNA analyses. Patient consent was obtained, and 
the project was approved by the Institutional Review Board. All tis- 
sues were obtained after resection at the University of Michigan 
Health System between May 1991 and July 1998. Tissues were all 
snap-frozen in liquid nitrogen and then stored at -80 °C. The patients 
included 46 females and 30 males ranging in age from 40.9 to 84.6 
(average 63.8) years. Most patients (66/76) demonstrated a positive 
smoking history. Sixty -one tumor samples were classified as bron- 
chial-derived, 14 were classified as bronchoalveolar, and one had 
both features. Eighteen tumor samples were classified as well differ- 
entiated, 38 were classified as moderate, and 19 were classified as 
poorly differentiated adenocarcinomas. Hematoxylin-stained cryostat 
sections (5 ^m), prepared from the same tumor pieces to be utilized 
for protein and mRNA isolation, were evaluated by a pathologist and 
compared with hematoxylin- and eosin-stainad sections made from 
paraffin blocks of the same tumors. Specimens were excluded from 
analysis if they showed unclear or mixed histology (e.g. adenosqua- 
mous), tumor cellularity less than 70%, potential metastatic origin as 
indicated by previous tumor history, extensive lymphocytic infiltration, 
or fibrosis or if the patient had received prior chemotherapy or 
radiotherapy. 

Oligonucleotide Array Hybridization —The HuGeneFL oligonucleo- 
tide arrays (Affymetrix, Santa Clara, CA) containing 6800 genes were 
used in this study. Total RNA was isolated from all samples using 
Trizol reagent (Invitrogen). The resulting RNA was then subjected to 
further purification using RNeasy spin columns (Qiagen). Preparation 
of cRNA, hybridization, and scanning of the HuGeneFL arrays were 
performed according to the manufacturers protocol (Affymetrix, 
Santa Clara, CA). Data analysis was performed using GeneChip 4.0 
software. The gene expression profile of each tumor was normalized 
to the median gene expression profile for the entire sample. Details of 
data trimming and normalization are described elsewhere (1 1). 

2D-PAGE and Quantitative Protein Analysis— Tissue for both pro- 
tein and mRNA isolation came from contiguous areas of each sample. 
Protein separation using 2D-PAGE, silver staining, and digitization 



were performed as described previously (12, 13). Our2D-PAGE sys- 
tem allows us to run 20 gels at one time (one batch). Spot detection 
and quantification were accomplished utilizing Bio Image Visage Sys- 
tem software (Bioimage Corp., Ann Arbor, Ml). The integrated inten- 
sity of each spot was calculated as the measured optical density 
units x mm 2 . Of the total possible 2000 spots detectable on each gel, 
820 spots on the gel of each sample were matched using a Gel-ed 
match program with the same spots on a chosen "master" gel. In 
each sample, 250 ubiquitously expressed reference spots were used 
to adjust for variations between gels, such as that created by subtle 
differences in protein loading or gel staining. Slight differences be- 
cause of batch were corrected after spot-size quantification. 

Mass Spectrometry and 2D Western Blotting— Preparative 2D gels 
were run using extracts from A549 lung adenocarcinoma cells {ob- 
tained from ATCC) and using the identical experimental conditions as 
the analytical 2D gels, except 30% more protein was loaded. The 
resolved protein gels were silver-stained using successive incuba- 
tions in 0.02% sodium thiosutfate for 2 min, 0.1 % silver nitrate for 40 
min, and 0.014% formaldehyde plus 2% sodium carbonate for 10 
min. For protein identification, protein polypeptides underwent trypsin 
digestion followed by MALDI-MS using a MALDI-TOF Voyager-DE 
mass spectrometer (Perseptive Biosystems. Framingham, MA). The 
masses were compared with known trypsin digest databases using 
the MS-FIT database (University of California, San Francisco; 
prospector.ucsf.edu/ucsfhtml3 .2/msfit. htm). Some of the polypep- 
tides included in the analysis had been identified prior to this study on 
the basis of sequencing (14). The identified protein spots used in this 
paper are shown in Fig. 1 A The method for 2D-PAGE Western blot 
verification was as described previously (1 5). The 2D Western blots of 
GRP58 and Op18 are shown in Fig. 1 , C and E; the others, such as 
GRP78, GRP75, HSP70, HSC70, KRT8, KRT18, KRT19, Vlmentin, 
ApoJ,. 14-3-3, Annexin I, Annexin II, PGP9.5, DJ-1, GST-pi, and 
PGAM. are described elsewhere. 2 

Statistical Analysis- Missing values were replaced with the mean 
value of the protein spot. The transform x -» log (1 + x) was applied 
to normalize all protein expression values. The relationship between 
protein and mRNA expression levels within the same samples was 
examined using the Spearman correlation coefficient analysis (16). To 
identify potentially significant correlations between gene and protein 
expression, we used an analytical strategy similar to SAM (signifi- 
cance analysis of microarrays) (17), which uses a permutation tech- 
nique to determine the significance of changes In gene expression 
between different biological states. To obtain permuted con-elation 
coefficients between gene and protein expression, genes were ex- 
changed first In such a way that permutated correlation coefficient 
were calculated based on pseudo pairs of genes and proteins. The 
distribution of permutated correlation coefficients became stable after 
60 permutations. This procedure was then repeated 60 times to 
obtain 60 sets of permutated correlation coefficients. For each of the 
60 permutations, the correlations of genes and proteins were ranked 



2 Chen et at. , submitted (or publication. 
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Table II 

Correlation coefficients ofp/otein and mRNA where multiple isoforms were present on 2D gels 
r*. correlation coefficient value > 0.2445; p < 0.05. Values in boldface are significant at p < 0.05. 



Spot 


Unigene 


Gene name 




Protein name 


A AQA 


Me 


I APlfi 


0 4003 


OP 18 (Stathmin) 




Un 77QQQ 


TPM1 

1 1 IVI 1 


0 3930 


TroDomvosins 1-5 




nbxOJ i \j i 




0.3802 


Protease disulfide isomerase (GRP58) 


UOCK) 


PIS. 10\J*f f O 




0 3693 


Glvceraldehvde-3-DhosDhate dehvdroqenase 


1 1QO 

1 iyo 


Hq A17H7 
n5.*r 1 ( U ( 


H^PR3 

1 lOi LjyJ 


0 3668 


Hsd27 

1 1 VMk f 




rtS. 00040 


TPI1 
i n i 


ft 3305 

Uiddww 


Triose ohasDha^e isomerase fTPH 


0523 


M „ CCH A A 

HS.D0114 


rVrt 1 1 o 




f^vtftl^fiMtin 1 fl 

\j y LwixCm iAVII 1 Id 


4 A) f\r\ 

1492 


tj_ n-i r\A c 


1 AD1C 
LAr to 


ft 19^4 


\Jl ID ^OlClll III ill 1) 


1493 . 


ns.oiylo 




U.OI Of 


ur io ^oiciii h i >ii \) 


1181 


HS.78Z25 


AN A. A i 


ft tmo 


AiUlCAin VdilaMl 1 


0439 


nS.24£4c»J 


f\rt l o 




ri\/triUftfatin ft 


□500 




VllVI 


ft 9Q3Q 


\/innpiitin 

V 1 1 1 Iwf illl 1 


nrnn 

0593 


ns,2y / too 


VllVI 




\/irnmitin 
VI! 1 It?! (Ill 1 


1874 


HS./ool J 


At/Di Di 

Ar\n i a \ 


ft 970ft 


rMUvOv? 1 CUUvluuv 


0935 


MS. f 0544 


V\A/t-J AU 

t vvriMn 


ft 077 C 


14-3-3 ii 

1 *T O V f | 


2524 


LI*. 7001C 

HS. /H225 


AMYA1 


ft 9K1 9 


Anripvvin 1 


2324 


Hs.65114 


l\n 1 lo 


ft 9Rni 


r^i/t rAe a rat in 1 fl 
OylUlscr etui I io 


1192 


Hs.41707 


UODDQ 

HortSo 


ft OC£Q 


nsp^ f 


0350 


Hs.289101 


t>nr5o 




Phncnhnlinn^ft C\ /nRP^ftl 
rnobfjriuujjcioti v_» \unr jo ^ 


0992 


1 l„ "7CHO 

Hs.roolo 


Ml\n ! O i 


— n 94Kn 


AlHnun i*aHi li~t5i<;f* 


0861 


LJ*. "7CH "3 


AtVHlDl 


n n7Ri 




0853 


HS.75313 


MlSH ! D 1 


— . n nR7*\ 


AIHr\co rctrtl fftnen 
MlUtJoo luuuLiaoo 


2503 


HS. 7oo92 


ai nui 
ALUn t 




rUUwi lyuo uci lyui iaoc 


0381 


HS. ft>o92 


ai nui 

ALUn I 


— n m7i 


AlrlQhvHf* rtfthvrlrnft^nflsp 


0371 


HS. fOOa<; 


ai nui 




AlHtthvrip Hi i hvdrnfi'inASfi 


1 179 


l_lr> 7QQ1C 

HS. focco 


AIM AA 1 


n 90S9 


Annpvin x/pri^nt 1 


0762 


HS. fQc.AD 


AIN AM ! 




Annpxin 1 


0760 


HS.f o^25 


AMVAi 
AINAA ! 


— H H99R 


Annpxin 1 


2506 


HS. 21 7493 


AINAA^ 




1 inft^ntin /annpvin \\\ 


0772 


Hs.21 r 4ao 


t\i i AA£ 




1 innrrrtin /annpxin \\\ 


0723 


HS.21 f493 


AMYAO 


U.UrU t 


1 inor~ntiri 


1239 


Hs.93194 


Ann A H 

APOA1 


U. 1 IO0 


ApOtipoprOlcID Ml ^r\fJUr\l/ 


1237 


Hs.93 i 94 


APOA1 


"U.U J /a 


AnntinnnfA^ain A i 1 Annul l 

Aponpoproicin AI JrVJJUrA 1 f 


1234 


Hs.93194 


APOA1 


"U.Uoy4 


Apoiipoproiein rtl lr\pUr\ 1 ) 


0428 


Hs.25 


ATP5B 


O.UUoU 


Air EyiunasB p suuurni prouurour 


0427 


Hs.25 


A 1 H5B 




ATP citnlhaca fl cilKliriit nrpfti tr<5nr 


0424 


ii f 

Hs.25 


A'l'flCP 

ATP5B 


"G.0992 


Ai " synmase p suDunn precuroor 


0863 


Hs.75106 


CLU 


- U.U4oo 


Apoiipoproiein j ^AptlJ) 


0780 


Hs.75 106 


CLU 


ft ftAAl 

-*U.U44o 


Anr\tinr\r\fntain t /Ann It 

Apoiipoproiein o 


1527 


Hs. 119140 


rirr a 

EIF5A 


ft ft 'TOU 




1484 


Hs.119140 


fclroA 


ft ft 1715 
— U.U Of O 


etr~urt 


1728 


Hs.5241 


FABP1 


ft 1 Q1 C 

— u.i yio 


1 CARP 


1712 


Hs.5241 


FABP1 




1 CADD 


0947 


Hs. 169476 


GAPD 


0.1 /45 


uiyceraioenyos ^3 pnoapnoic oenyuroycfiuac 


1232 


Hs.75207 


GL01 


0.2249 


Glyoxalase-I 


1229 


Hs.75207 


GL01 


0.0450 


Glyoxalase-1 


1595 


Hs. 158300 


HAP1 


-0.0137 


Huntingtin-associated protein 1 (neuroan 1) 


1810 


Hs.75990 


HP 


-0.4672 


a-Haptogtobin 


1459 


Hs.75990 


HP 


0.0802 


a-Haptoglobin 


1458 


Hs,75990 


HP 


-0.0305 


a-Haptoglobin 


0619 


Hs.75990 


HP 


0.0461 


B-haptoglobtn 


0615 


Hs.75990 


HP 


-0.0034 


B-haptoglobin 


1250 


Hs.41707 


HSPB3 


-0.1024 


Hsp27 


0549 


Hs.79037 


HSPD1 


0.1074 


Hsp60 


0338 


Hs.79037 


HSPD1 


0.2265 


Hsp60 


0333 


Hs.79037 


HSPD1 


0.1383 


Hsp6C 


0331 


Hs.79037 


HSPD1 


0.1603 


Hsp60 


2381 


Hs.65114 


KRT1B 


0.2016 


Cytokeratin 18 


0535 


Hs.65114 


KRT18 


0.1106 


Cytokeratin 18 
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Table t! — continued 

Correlation coefficients of protein and mRNA where multiple isoforms were present on 2D gels 
r*. correlation coefficient value > 0.2445; p < 0.05. Values in boldface are significant at p < 0.05. 



Spot 



Unigene 



Gene name 



Protein name 



0529 


Hs.65114 


KRT18 


0.1279 


Cytokeratin 18 


0528 


Hs.65114 


KRT18 


0.0414 


Cytokeratin 18 


0527 


Hs.65114 


KRT18 


0.0436 


Cytokeratin 18 


0514 


Hs.65114 


KRT18 


0.0733 


Cytokeratin 18 


0451 


Hs.242463 


KRTB 


-0.0111 


Cytokeratin 8 


0446 


Hs.242463 


KRT8 


0.0347 


Cytokeratin 8 


0444 


Hs.242463 


KRT6 


-0.1311 


Cytokeratin 8 


0443 


Hs.242463 


KRTB 


0.0942 


Cytokeratin 8 


14B8 


Hs.81915 


LAP 18 


0.0495 


OP18 (Stathmin) 


0321 


Hs.75655 


P4HB 


- 0.0546 


PDI (proly-4-OH-B) 


0320 


Hs.75655 


P4HB 


-0.0041 


PDI (proly-4-OH-B) 


1063 


Hs.75323 


PHB 


0.0441 


Prohibitin 


0637 


Hs.75323 


PHB 


0.1402 


Prohibitin 


0326 


Hs.297681 


SERPINA1 


-0.0227 


of-1 -Antitnpsm 


0322 


Hs.297681 


SERPINA1 


-0.0277 


Q-1-Antitripsin 


0241 


Hs.297681 


SERPINA1 


-0.0148 


fy-1-Antitripsin 


1280 


Hs.301254 


SFTPA1 


-0.1488 


Pulmonary surfactant-associated protein 


1278 


Hs.301254 


SFTPA1 


-0.2040 


Pulmonary surfactant-associated protein 


0866 


Hs.73980 


TNNT1 


0.1162 


Troponin T 


0778 


Hs.73980 


TNNT1 


0.0740 


Troponin T 


1213 


Hs.83848 


TPI1 


0.0024 


Those phosphate isomerase (TPI) 


1210 


Hs.83848 


TPI1 


0.0490 


Tnose phosphate isomerase (TPI) 


1207 


Hs.83848 


TP11 


-0.1615 


Triose phosphate isomerase (TPI) 


1204 


Hs.83848 


TPI1 


0.0209 


Trios9 phosphate isomerase (TPI) 


^ ono 

1 tL\jc 


ns.Doo*to 


TPI1 


n n79i 

\J.\J 1 c. 1 
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such that pjj) denotes the rth largest correlation coefficient for pth 
permutation. Hence, the expected correlation coefficient, p fc -{i), was the 
average over the 60 permutations, p B tj) - 1™„ , p p (fV60. A scatter plot of 
observed correlations (p(/)) versus the expected correlations is shown in 
Fig. 2D. For this study, we chose threshold A - 0.115 so that correlation 
would be considered significant if absolute value of difference between 
p#) and pf(0 was greater than the threshold. Twenty-nine (including one 
with observed correlation coefficient -0.4672) of 1 65 pairs of gene and 
protein expression were called significant in such* criteria, and the 
permuted data generated an average of 5.1 falsely significant pairs of 
gene and protein expression. This provided an estimated false dis- 
covery rate (the percentage of pairs of gene and protein expression 
identified by chance) for our data set. 

RESULTS 

Correlation of Individual Proteins and mRNA Expression 
within Each Tumor— We have examined quantitatively 165 



protein spots on 2D gels representing 98 genes and com- 
pared protein levels with mRNA levels for a cohort of 85 lung 
adenocarcinomas and normal lung samples. Of the 165 pro- 
tein spots, 69 proteins were represented by only one known 
spot on 2D gels for an individual gene, whereas 96 protein 
spots showed multiple protein products from 29 different 
genes. 2D Western blotting verified the proteins identified by 
mass spectrometry when specific antibodies were available. 
Spearman correlation coefficients of the proteins and their 
associated mRNA for each protein spot were generated using 
all 76 lung adenocarcinomas and nine non-neoplastic lung 
tissues (see Tables I and II, and see Figs. 1 and 2). The 
correlation coefficients (r) ranged from -0.467 to 0.442 (Fig. 

2D). A total of 28 protein spots (21 genes) were found to have 
a statistically significant correlation between expression of 
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Rg. 1. A, digital image of a silver -stained 2D-PAGE separation of a stage I lung adenocarcinoma showing protein spots separated by 
molecular mass (MW) and isoelectric point (P/). Twenty-eight protein spots whose expression levels are correlated with mRNA abundance are 
indicated by the black arrows. B, the outlined areas of A showing protein GRP58. C, 2D Western blot of GRP58 from the A549 lung 
adenocarcinoma cell line. D, the outlined areas of A showing the protein isoforms of Op18. E, 2D Western blot of Op18 from A549 cells. 



their protein and mRNA (r > 0.2445; p < 0.05). This accounts 
for 17% (28/165) of the 165 protein spots. Among the 69 
genes for which only a single protein spot was known (Table 
I), nine genes (9/69, 13%) were observed to show a statisti- 
cally significant relationship between protein and mRNA 
abundance (r > 0.2445; p < 0.05). The proteins whose ex- 
pression levels were correlated with their mRNA abundance 
included those involved in signal transduction, carbohydrate 
metabolism, apoptosis, protein post- translations modifica- 
tion, structural proteins, and heat shock proteins (Table III). 

Individual Isoforms of the Same Protein Have Different 
Protein/mRNA Correlation Coefficients-Of the 165 protein 
spots, 96 represent protein products of 29 genes with at least 
two isoforms. Among these 96 protein spots, 19 (19/96 pro- 
tein spots, 20%) showed a statistically significant correlation 
between their protein and mRNA expression (r > 0.2445; p < 
0.05) (Table II) and represented 12 genes (12/29, 41 %). Individ- 
ual isoforms of the same protein demonstrated different 
protein/mRNA correlation coefficients. For example, 2D-PAGE/ 
Western analysis revealed four isoforms of OP 18 differing in 
regards to isoelectric point but similar in molecular weight. 
Three of the four isoforms (spots 1 492, 1 493, and 1 494) showed 
a statistically significant correlation between their protein and 
mRNA abundance (r = 0.3234, 0.3154, and 0.4003, respective- 
ly). The forth isoform (spot 1488) showed no correlation be- 



tween protein and mRNA expression (r = 0.0495). Similarly, just 
one of five quantified isoforms of cytokeratin 8 (spot 439) dem- 
onstrated a statistically significant correlation between protein 
and mRNA abundance (r = 0.3049; p < 0,05) (Table II). 

In addition to differences in the relationship between mRNA 
levels and protein expression among separate isoforms, some 
genes with very comparable mRNA levels showed a 24-fold 
difference in their protein expression. Genes with comparable 
protein expression levels also showed up to a 28-fold vari- 
ance in their mRNA levels. 

Lack of Correlation for mRNA and Protein Expression when 
Using Average Tumor Values across All 165 Protein Spots (98 
Genes)— The relationship between mRNA and protein expres- 
sion was also examined by using the average expression 
values for all samples. To analyze this relationship using this 
approach, the average value for each protein or mRNA was 
generated using all 85 lung tissue samples. The range of 
normalized average protein values ranged from -0.0646 to 
0.0979 (raw value 0.0036 to 4.1947), and the range for mRNA 
was from 0 to 1 5260.5 for all 1 65 individual protein spots. The 
Spearman correlation coefficient for the whole data set (1 65 
protein spots/98 genes) was -0,025 (Rg. 3/\). Even for the 28 
protein spots (Rg. 2D) that were found to have a statistically 
significant correlation between their mRNA and protein, use of 
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Rg. 2. A-C, plots showing the correlation between mRNA and protein for the three selected genes Op18, Annexin IV, and GAPD for all 76 
lung adenocarcinomas and nine non-neoplastic lung samples (p < 0.05). O, distribution of all 165 Spearman correlation coefficients (r) and 
verification analysis using SAM. A more detailed description of the method is provided under "Experimental Procedures." Approximately 1 7% 
of the 1 65 proteins demonstrate a significant correlation between mRNA and protein levels as demonstrated by the values shown beyond the 
outer range of threshold A - 0.115. Normalized protein values were used, thus negative values for some proteins are observed. 



the average value resulted in a correlation coefficient value of 
-0.035, which was not significant (Fig. 38). 

Lack of a Relationship between Protein/mRNA Correlation 
Coefficients and Average Protein Abundance— To determine 
whether an absolute protein level might influence the corre- 
lation with mRNA, the mean value of each protein (relative 
abundance) and the Spearman protein/mRNA correlation co- 
efficients among all 85 samples were examined. No relation- 
ship between the protein abundance and the correlation co- 
efficients was observed (r = 0.039; p > 0.05). A detailed 
analysis of separate subsets of proteins with differing levels of 
abundance (less than -0.0014, larger than -0.0014,or larger 
than 0.0077) also showed a lack of correlation between mRNA 
and protein expression among the 83 (50%), 82 (50%), and 41 
(25%) of 165 total protein spots, respectively (r = 0.016, 0.08, 
and 0.172, respectively). 

Stage-related Changes in the Protein/mRNA Correlation 
Coefficients —To determine whether the 21 genes (28 protein 
spots) showing a significant correlation between the protein 
and mRNA expression among all samples demonstrate 
changes in this relationship during tumor progression, the 
correlations were examined separately for stage I (n - 57) and 



stage III (n - 19) lung adenocarcinomas (Table III). The num- 
ber of non-neoplastic lung samples (n = 9) was insufficient for 
a separate correlation analysis of this group. Many of the 
protein spots represent one of several known protein isoforms 
for a given gene. The majority of genes (1 6/21 ) did not differ in 
the protein/mRNA correlation between stage I and stage III 
tumors indicating a similar regulatory relationship between the 
mRNA and protein spot. GRP-58, PSMC, SOD1. TPI1, and 
VIM, however, were found to demonstrate significant differ- 
ences in the correlation coefficients between stage I and 
stage III lung adenocarcinomas. For GRP-58, PSMC, and VIM 
the change in the correlation coefficient was because of a 
relative increase in protein expression in stage III tumors. For 
SOD and TPI the change resulted from a relative decrease in 
expression of this specific protein in stage III tumors. 

DISCUSSION 

Relatively little is known about the regulatory mechanisms 
controlling the complex patterns of protein abundance and 
post-transiational modification in tumors. Most reports con- 
cerning the regulation of protein translation have focused on 
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Table III 

Stage-dependent analysis of protein-mRNA correlation coefficients 
r, correlation coefficient. Values in boldface indicate a significant difference between stage I and stag 
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one or several protein products (18). Celis ef a/. (19) found a 
good correlation between transcript and protein levels among 
40 well resolved, abundant proteins using a proteomic and 
microarray study of bladder cancer. By comparing the mRNA 
and protein expression levels within the same tumor samples, 
we found that 1 7% (28/1 65) of the protein spots (21/98 genes) 
show a statistically significant correlation between mRNA and 
protein. These proteins appear to represent a diverse group of 
gene products and include those involved in signal transduc- 
tion, carbohydrate metabolism, protein modification, cell struc- 
ture, heat shock, and apoptosis. These results suggest that 
expression of this subset of 1 65 proteins is likely to be regulated 
at the transcriptional level in these tissues. The majority of the 
protein isoforms, however, did not correlate with mRNA levels, 
and thus their expression is regulated by other mechanisms. We 
also observed a subset of proteins that demonstrated a nega- 
tive correlation with the mRNA expression values; for example 
a-haptoglobin demonstrated a strong negative correlation with 
its mRNA expression values. This may reflect negative feedback 
on the mRNA or the protein or the presence of other regulatory 
influences that are hot understood currently. 

Post-translational modification or processing will result in 
individual protein products of the same gene migrating to 
different locations on 2D -PAGE gels (20). Because the identity 
of all possible isoforms for each protein examined has not 
been characterized completely, this may influence the corre- 
lation analyses performed in this study. This is partly because 
of limitations of the 2D-PAGE and mass spectrometry tech- 
nologies (21, 22). Potential inconsistencies between mRNA 
and protein correlations that have been reported may also be 
because of differences, even in the same gene, in the mech- 



anisms of protein translation among different cells or as 
measured in different laboratories (23). 

In this study, we examined 165 protein spots identified in 
lung adenocarcinomas. Ninety-six protein spots, representing 
the products of 29 genes, contained at least two protein 
isoforms. Nineteen of 96 protein spots, representing 12 
genes, were shown to have a statistically significant correla- 
tion between their protein and mRNA expression, suggesting 
that the levels of these proteins reflects the transcription of the 
corresponding genes. Differences in protein/mRNA correlations 
were found among the individual isoforms of a given protein. For 
example, of the four OP1 8 isoforms, three showed a statistically 
significant correlation between the protein and mRNA expres- 
sion levels. The lack of relationship for the one isoform, how- 
ever, indicates that individual protein isoforms of the same gene 
product can be regulated differentially. This is not unexpected 
and likely reflects other post-translational mechanisms that can 
influence isoform abundance in tissues and cancer. 

In addition to the analyses of the correlation of mRNA/ 
protein within the same tumor samples, we also tested the 
global relationship between mRNA and the corresponding 
protein abundance across all 1 65 protein spots in the lung 
samples. A protein and mRNA average value for each gene 
was generated using ail 85 lung tissues samples. We ob- 
served a very wide range of normalized average protein and 
mRNA values. The correlation coefficient generated using this 
average value data set was -0.025, and even for the 28 
protein spots that showed a statistically significant correlation 
between individual mRNA and proteins, the correlation value 
was only -0.035. This suggests that it is not possible to 
predict overall protein expression levels based on average 
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Fig. 3. The overall correlation of 
mRNA and protein levels across all 
165 protein spots (A) and across 28 
protein spots that contained Individ- 
ual r values larger than 0.244 (B) are 
shown. Each protein or mRNA mean 
value was calculated based on all 76 
lung adenocarcinomas and nine non- 
neoplastic lung samples using quantita- 
tive 2D-PAGE and Affymetrix oligonu- 
cleotide microarrays. The Spearman 
correlation coefficients for the two data 
sets {/K and B) were -0.025 and - 0.035, 
respectively, indicating a lack of correla- 
tion if mean values for mRNA and protein 
for alt samples is used, 
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mRNA abundance in lung cancer samples. This conclusion is 
also supported by previous results from Anderson and Seil- 
hamer (24), who examined 19 genes in human liver cells, and 
by Gygi ef a/. (25), who examined 106 genes in yeast. Both 
studies found a lack of correlation between mRNA and protein 
expression when average or overall levels were used. 

A good correlation was reported when the 1 1 most abun- 
dant proteins were examined in yeast (25), suggesting that the 
level of protein abundance may be a factor that may influence 
the correlation between mRNA and protein. In the present 
study, a fairly wide range of mean protein values among 165 
protein spots in lung adenocarcinomas was observed, and 
the correlation coefficients also varied from -0.467 to 0.442. 



A comparison between the mean value of each protein and 
the correlation coefficient generated using all 85 tissue sam- 
ples did not reveal a strong relationship between the overall 
protein abundance and the correlation coefficients (r = 0.039; 
p > 0.05). Detailed analysis of different subsets of protein abun- 
dance also failed to show a correlation between mRNA and 
protein expression. Thus in contrast to yeast, a relationship 
between mRNA/protein correlation coefficient and protein 
abundance in human lung adenocarcinomas was not observed. 

The results of this study indicate that the level of protein 
abundance in lung adenocarcinomas is associated with the 
corresponding levels of mRNA in 17% (28 proteins) of the 
total 165 protein spots examined. This was substantially 
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higher than the amount predicted to result by chance alone 
(which was 5.1) and suggests that a transcriptional mecha- 
nism likely underlies the abundance of these proteins in lung 
adenocarcinomas. We also demonstrate that the expression 
of individual isoforms of the same protein may or may not 
correlate with the mRNA, indicating that separate and likely 
post-translational mechanisms account for the regulation of 
isoform abundance. These mechanisms may also account for 
the differences in the correlation coefficients observed between 
stage I and stage III tumors, indicating that specific protein 
isoforms show regulatory changes during tumor progression. 
Further studies in lung adenocarcinomas will examine the rela- 
tionship between the expression of individual protein isoforms 
and specific clinical-pathological features of these tumors, such 
as the presence of angiolymphatic invasion, and nodal or pleu- 
ral surface involvement. The potential to identify specific protein 
isoforms associated with biological behavior in lung adenocar- 
cinomas would be of considerable interest and will add to our 
understanding of the regulation of gene products by transcrip- 
tional, translation^, and post-translational mechanisms. 
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An increased high-mobility group A2 expression level is associated with 
malignant phenotype in pancreatic exocrine tissue. 

AbeJV, VVatanabc T , Suzuld V , Matsumoto N , M asaki T , Mori T , Sugiyama M 
Chiappctta G , Fusco A , Acq mi Y , 

First Department of Surgery, Kyorin University School of Medicine, 6-20-2, Shinkawa, 
Mitaka, Tokyo 181-861 1, Japan, abenbtg@kyorin-u.ac.jp 

The altered form of the high-mobility group A2 (HMGA2) gene is somehow related to 
the generation of human benign and malignant tumours of mesenchymal origin. 
However, only a few data on the expression of HMGA2 in malignant tumour originating 
from epithelial tissue are available, [n this study, we examined the HMGA2 expression 
level in pancreatic carcinoma, and investigated whether alterations in the HMGA2 
expression level are associated with a malignant phenotype in pancreatic tissue. High- 
mobility group A2 mJRjKAand protein expression was determined in eight surgically 
resected specimens of non-neoplastic tissue (six specimens of normal pancreatic tissue 
and two of chronic pancreatitis tissue) and 27 pancreatic carcinomas by highly sensitive 
reverse transcriptase-polymerase chain reaction (RT-PCR) techniques and 
immunohistocheniical staining, respectively. Reverse transcriptase-polymerase chain 
reaction analj'sis revealed the expression of the HMGA2 gene in non-neoplastic 
pancreatic tissue, although its expression level was significantly lower than that in 
carcinoma. Lmmunohistochemical analysis indicated that the presence of me HMGA2 
gene in non-neoplastic pancreatic tissue observed in RT-PCR reflects its abundant 
expression in islet cells, together with its focal expression in duct epithelial ceils. Intense 
and multifocal or diffuse HMGA2 immunoreactivity was noted in all the pancreatic 
carcinoma examined, A strong correlation between HMGA2 overexpression and the 
diagnosis of carcinoma was statistically verified. Based on these findings, we propose 
that an increased expression level of .the HMGA2 protein is closely associated with the 
malignant phenotype in the pancreatic exocrine system, and accordingly, HMGA2 could 
serve as a potential diagnostic molecular marker for distinguishing pancreatic malignant 
cells from non-neoplastic pancreatic exocrine cells. 
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extracts. If these minor cell proteins differ among cells to the same extent as the 
more abundant proteins, as is commonly assumed, only a small number of pro- 
tein differences (perhaps several hundred) suffice to create very large differences 
in cell morphology and behavior. 

A Cell Can Change the Expression of Its Genes 
in Response to External Signals 3 

Most of the specialized cells in a multicellular organism are capable of altering 
their patterns of gene expression in response to extracellular cues. If a liver cell 
is exposed to a glucocorticoid hormone, for example, the production of several . 
specific proteins is dramatically increased. Glucocorticoids are released during 
periods of starvation or intense exercise and signal ihe liver to increase the 
• production of glucose from amino acids and other small molecules; the set of 
proteins whose production is induced includes enzymes such as tyrosine amino- 
transferase, which helps to convert tyrosine to glucose. When the hormone is no 
longer present, the production of these proteins drops to its normal level. 

Other cell types respond 10 glucocorticoids in different ways. In fat cells, for 
example, the production of tyrosine aminotransferase is reduced, while some 
other cell types do not respond to glucocorticoids at all. These examples illustrate 
a general feature of cell specialization — different cell types often respond in dif- 
ferent ways to the same extracellular signal. Underlying this specialization are 
features that . do not change, which give each cell type its permanently distinc : 
tive character. These features reflect the persistent expression of different sets of 
genes. 

\ * 

i 
i 

! Gene Expression Can Be Regulated at Many of the Steps 
| in the Pathway from DNA to RNA to Protein 4 

j If differences between (he various cell types of an organism depend on the par- 
I ticular genes that the cells express, at what level is Ihe control of gene expression 
j exercised? There are many steps in the' pathway leading from DNA to protein, and 
; all of them can in principle be regulated. Thus a cell can control the proteins it 
j makes by (J) com rolling when and how often a given gene is transcribed (Iran- 
; scriptional control), {2} controlling how the primary RNA tr anscript is spliced or 
otherwise processed (RNA processing control), (3) selecting which completed 
rnftNAs in. the cell nucleus are exported to the cytoplasm (KNA transport con- 
trol), t t) selecting which mRNAs in the cytoplasm are translated by rihosomes 
ttranslational control), (5) selectively destabilizing certain mliNA molecules in 
, . the cytoplasm {mRNA degradation control), or (6) selectively activating, inacti- 
vating, or compartmentalizing specific protein molecules after they have been 
made (protein activity control) (Figure D--2). 

For most genes transcriptional controls are paramount. This makes sense 
because, of all the possible connol points illustrated in Figure 9-?, only transcrip- 
tional control ensures that no super throws intermediates are synthesized. In the 
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Summary 

The many types of cells in animals and plants are created largely through mecha- 
nisms that cause different genes to be transcribed in different cells. Since many spe- 
cialized animal cells can maintain their un'upte character when grown in culture, the 
gene regulatory mechanisms involved in creating them mnsl be stable once estab- 
lished and heritable when the celt divides, endowing the cell with a memory of its 
developmental history Procaryotes and yeasts provide unusually accessible model 
systems in which 10 study gene, regulatory mechanisms, some of which muy lye rel- 
evant to the creation of specialized , ell types in higher encoryotes. One such mecha- 
nism involves a competitive interaction between two (or more) gene regulatory pro- 
teins, each of which inhibits the synthesis of the other; this can create it flip-flop 
switch that switches a celt between two alternative patterns of gene expression. Di- 
rect or indirect positive feedback loops, which enable gene regulatory proteins lo 
perpetuate their own synthesis, provide a general mechanism for cell memory. 

In encoryotes gene transcription is generally controlled by combinations of gene 
regulatory proteins. It is thought that each type of cell in a higher e.ucuiyolic organism 
contains n specific combination of gene regulatory proteins that ensures the expres- 
sion of only those genes appropriate lo that type of cell. A given gene regulatory pro-, 
lein may be expressed in a variety of circumstances and typically is involved in the 

regulation of many genes. 

In addition to diffusible Rene regulatory proteins, inherited slides of chromatin 
condensation are also utilized by encaryotic cells to regulate gene expression. In ver- 
tebrates DNA methylnlion also plays a pari, mainly as a device to reinforce decisions 
td font t^ene expression dial are made initially by other mechanisms. 
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FROM DNA TO RNA 

Transcription and translation are the means by which cells read out, or express, 
the genetic instructions in their genes. Because many identical RNA copies can 
be made from the same gene, and each RNA molecule can direct the synthesis 
of many identical protein molecules, cells can synthesize a large amount of 
protein rapidly when necessary But each gene can also be transcribed and 
translated with a different efficiency, allowing the ceJ) to make vast quantities of 
some proteins and liny quantities of others (Figure 6-3). Moreover, as we see in 
the next chapter, a cell can change (or regulate) the expression of each of its 
genes according to ihe needs of the moment — most obviously by controlling 
the production of its RNA. 

Portions of DNA Sequence Are Transcribed into RNA 

The first step a cell lakes in reading out a needed par! of its genetic instructions 
is to copy a particular portion of its DNA nucleotide sequence— a gene— into an 
RNA nucleotide sequence. The information in RNA, although copied into another 
chemical form, is still written in essentially the same language as it is in DNA— 
the language of a nucleotide sequence. Hence the name transcripiion. 

Like DNA, RNA is a linear polymer made of four different types of nucleotide 
subunits linked together by phosphodiester bonds (Figure &-'J). It differs from 
DNA chemically in two respects: (J) the nucleotides in RNA are 
ribonucleotides— that is, they contain the sugar ribose (hence the name ribonu- 
cleic acid) rather than deoxyiibose; (2) although, like DNA, RNA contains the 
bases adenine (A), guanine IG), and cytosine (C), it contains the base uracil (11) 
instead of the thymine (T) in DNA. Since U, like T, can base- pair by hydrogen - 
bonding with A (Figure 6-5). the complementary base- pairing properties 
described for DNA in Chapters -I and 5 apply also to RNA (in RNA, G pahs with 
C, and A pairs with U). It is not uncommon, however, to find other types of base 
pairs in RNA: for example, G pairing with U occasionally 

Despite these small chemical differences, DNA and RNA differ quite dra- 
matically in overall structure. Whereas DNA always occurs in cells as a double- 
stranded helix, RNA is single- stranded. RNA chains therefore ("old up into a 
variety of shapes, just as a polypeptide chain folds up to form the final shape of 
a protein (Figure 6-6). As we see later in this chapter, the ability to fold into com- 
plex three : dimensional shapes allows some RNA molecules to have structural 
and catalytic functions 



Transcription Produces RNA Complementary to 
One Strand of DNA 

All of the RNA in a cell is made by DNA transcription, a process that has cer- 
tain similarities to the process <.d DNA replication discussed in Chapter f> 
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Figure 6— 3 Genes can be expressed 
with different efficiencies. Gene A is 
transcribed and translated much more 
efficiently than gene B„This allows the 
amount of protein A in the cell to be 
much greater than that of protein B. 
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Figure 6-90 The production of a 
protein by a eucaryotic cell. The final 
level of each protein in a eucaryotic cell 
depends upon the efficiency of each step 
depicted 
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lire 6^90) could be regulated by the cell for e;ich individual protein. However, as 
we shall see in Chapter 7, the initiation of transoipiion is the most common 
point for a cell to regulate the expression o J each of its genes". This makes sense, 
inasmuch as (he most efficient way to keep a gene horn being expressed is to 
block the very first step — the transcription of iis UNA sequence into an RNA 
moleeule. 



Summary 

'The translation of the nucleotide sequence of nn mliNA molecule into protein takes 
place in the cytoplasm on a targe ribonncleoprotein assembly called n ribosome. The 
amino acids used for protein synthesis fire first attached to a family of tHNA 
molecules, each of -which recognizes, by complementary base pair interactions, par- 
ticular $eis of three nucleotides in ihe mRNA (cottons). J he sequence of nucleotides in 
the mJiNA is then read from otie end to the other in sets of three nceonting to the 
genetic code. 

To initiate translation, a small ribosomal stibunit binds to the mliNA molecule 
at a start coilon (AUG) that is recognized by a unique initiatar tlti\'A molecule. A 
large ribosomal s abort it binds to complete the ribosome and begin the elongation 
phase of pnnein synthesis. Oaring this phase, aminoacyl tliftAs — each bearing a 
specific amino acid bind sequentially to the appropriate indon in mKA',-1 by forming 
complementary base pairs with the tftNA antianlon. lurch iitnino acid is added to the 
C-terminal end of the grotring polypeptide by means aj a cycle iff three sequential 
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Figure 7-5 Six steps at which 
eocaryottc gene expression can be 
controlled. Controls that operate at 
steps I through S are discussed in this 
chapter. Step 6, the regulation of protein 
activity, includes reversible activation or 
inactivation by protein phosphorylation 
{discussed in Chapter 3) as well as 
irreversible inactrvation by proteolytic 
degradation (discussed in Chapter 6). 



Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to RNA to Protein 

If differences among the various-cell types of an organism depend on the partic- 
ular genes that the cells express, al what level is the control of gene expression 
exercised? As we saw in the last chapter, 'there are many steps in the pathway 
leading from DNA to protein, and all of them can in principle be regulated. Thus 
3 cell can control the proteins it makes by (1) controlling when and. how often a 
given gene is transcribed ( transcriptional control), (2) controlling how the RNA 
transcript is spliced or otherwise processed (RNA processing control), (3) 
selecting which completed mKNAs in I he cell nucleus are exported to the cytosol 
and determining where in the cytosol I hey are localized (RNA transport and 
localization control), (4) selecting which mRNAs in the cytoplasm are iranslaied 
by ribosomes (translations! control), (5) selectively destabilizing certain mRNA 
molecules in the cytoplasm (mRNA degradation control), or (6) selectively acti- 
vating, inactivating, degrading, or compartmentalizing specific prole in 
molecules after they have been made (protein activity control) (lignre 7-5). 

For most genes transcriptional controls, ore paramount. This makes sense 
because, of all the possible control points illustrated in Pigure 7-5. only Iran- 
script ional control ensures that the cell will not synthesize super 11 nous interme- 
diates. In I he following sections 'we discuss - the DNA and protein components 
•h3t perform this function by regulating the initiation of gene transcription. We 
shall return at ihe end of the chapter to (he additional ways of regulaiing gene 
t -xpression. 

Summary 

; he genome of a cell contains in its DNA sentience the information to make many 
thousands of different protein and UNA mofee tiles. A cell typically expresses only a 
fraction of its genes, and the different types of cells in multicellular organisms arise 
h'Xause different sets of genes are expressed. Moreover, celts can change the pattern 
: genes they express in response to chnttges in their environment, such as signals 
j cm other cells. Although all of the step's involved in expressing a gene can in prin- 
?:ple be regulated, for most genes the in it hit ion of RNA transcription is the most 
i.iiportant point of control. 



'*>w does ;1 celt determine which of its thousands of genes to transcribe 7 As 
*■ rniioned briefly in Chapters -1 and ' t>. the transotption of each gene is con- 
i » ) e d by a i e gu 1 a t o r y region o f D N A m 1 1 a t i v e I v near t ) 1 e ^ it e w h e r e t r a n sc i i p I it > n 

^";ns. -Some icgulaiojy legions are .si triple and an a:, switches that ate thrown 
( > ;* single signal. Many others are couipi< .\ and :n. t as hoy miooprocessois. 

ponding to a variety of signals that ihev interpret and integrate to switch the 
»i- :; : -hboring gene on or off. Whether complex, or simple, these switching devices 
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Selective apoptosis of natural killer-cell tumours by l-asparaginase. 

Ando M , Sugimoto IC , Kitoh T , Sasaki M , Mukai K , Ando J , Egashira M , Schuster 
SM , Oshimi K . 

Department of Haematol ogy, Junteudo University School of Medicine, Tokyo, Japan. 

We examined the effectiveness of various anti-tumour agents to natural killer (NK)-cell 
tumour cell lines and samples J which are generally resistant to chemotherapy, using flow 
cytometric terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end- 
labelling (TUNEL) assay. Although NK-YS and NK-92 were highly resistant to various 
anti- tumour agents, 1 -asparaginase induced apoptosis in these two NK-cell lines. NK-cell 
leukaemia/lymphoma and acute lymphoblastic leukaemia (ALL) samples, were 
selectively sensitive to l-asparaginase and to doxorubicin (DXR) respectively. Samples of 
chronic NK lymphocytosis, an NFC-cell disorder with an indolent clinical course, were 
resistant to both drugs. Our study clearly separated two major categories of NK-cell 
disorders and ALL according to the sensitivity to DXR and l-asparaginase. We examined 
asparagine synthetase levels by real-time quantitative polymerase chain reaction (RQ- 
PCR) and immunostaining in these samples. At least in nasal-type NK-cell lymphoma, 
there was a good correlation among asparagine synthetase expression/in vitro sensitivity 
and clinicalresponse to l-asparaginase. In aggressive NK-cell leukaemia, although 
asparagine synthetase expression was high at both mRNA and protein levels, l- 
asparaginase induced considerable apoptosis. Furthermore, samples of each disease entity 
occupied a distinct area in two-dimensional plotting with asparagine synthetase mRNA 
level (RQ-PCR) and in vitrol-asparaginase sensitivity (TUNEL assay). We confirmed 
rather specific anti-tumour activity of l-asparaginase against NK-cell tumours in vitro, 
which provides an experimental background to the clinical use of l-asparaginase for NK- 
cell tumours. 
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Human thyroid carcinoma cell lines and normal thyrocytes: expression 
and regulation of matrix metalloproteinase- 1 and tissue matrix 
metalloproteinase inhibitor-1 messenger-RNA and protein. 

Aust G, Hofmann-A. Laue S, RosfA . Kohler T » Scherbaum WA . 
Institut of Anatomy, University of Leipzig, Germany. 

Matrix metalloproteinase- 1 (MMP-1) and tissue matrix metalloproteinase inhibitor 1 
(TIMP-1) play an important role in remodeling the extracellular matrix in normal and 
pathological processes. The effect of phorbol-myristate acetate (PMA), interleukin-1 (1L- 
. . 1), and tumor necrosis factor-alpha (TNF-alpha) on MMP-1 and TIMP-1 expression was 
studied on highly purified thyrocytes and undifferentiated 8505 C, C 643, HTh 74, SW 
1736 thyroid carcinoma cells compared with thyroid-derived fibroblasts. Messenger RNA 
(rnRNA) levels were monitored by competitive semiquantitative reverse transcriptase 
polymerase chain reaction (RT-PCR) after 24 hours. Culture supernatants were assayed 
for free and/or complexed MMP-1 and TIMP-1 after 48 hours using enzyme-linked 
immunosorbent assay (ELISA) systems (detection limit: <2 ng/mL). MMP-1 and TIMP-1 
mRNA were present in all cell types, although thyrocytes showed MMP-1 mRNA levels 
near the detection limit. 8505 C expressed MMP-1 mRNA levels of up to 10(6) times 
those of the other cells analyzed. PMA and 1L-1 increased MMP-I mRNA in most cell 
types. TIMP-1 mRNA increased after treatment with PMA in all cells except 8505 C, 
whereas only slight effects were shown after IL- 1 stimulation. MMP- 1 protein was- 
undetectable in normal thyrocyte cultures, but was secreted spontaneously by all cell 
lines ([ng/mL]; C 643: 15+/-7; HTh 74: 81+/-1; SW 1736: 13+/-2; 8.505 C: 2097+/-320). 
There was a strong correlation between levels of MMP-1 mRN A and protein (r = 0.99, p 
< .0001). PMA and IL-1 increased MMP-1 secretion in all cell types after 48 hours. 
Fibroblasts ([ng/mL] 517+/-55) and the cell lines (C 643: 142+/-48; HTh 74: 1 15+/-13; 
SW 1736: 202+/-14; 8505C: 120+/- 19) secreted TIMP-1 in unstimulated cultures, 
whereas only a trace amount was detected in thyrocyte cultures, even after PMA 
treatment. IL-1 upregulated TIMP-I secretion after 48 hours in SW 1736, HTh 74, and C 
643 cells. Our data suggest that in contrast to normal thyrocytes, dedifferentiated thyroid 
carcinoma cell lines are potential producers of MMP-1 as well as TIMP-1. High MMP-1 
of MMP-1/T1MP-] expression may play a role in tissue invasion of undifferentiated 
thyroid cancer cells. 
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Human Thyroid Carcinoma Cell Lines and Normal 
Thyrocytes: Expression and Regulation of Matrix 
Metalloproteinase- 1 and Tissue Matrix Metalloproteinase 

Inhibitor- 1 Messenger-RNA and Protein 
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ABSTRACT 

Matrix metalloproteinase-1 (MMP-1) and tissue matrix metalloproteinase inhibitor 1 fITMP-1) play an impor- 
tant role in remodeling the extracellular matrix in normal and pathological processes. The effect of phorbol-myra- 
tate acetate (PMA), inlerleukin-1 (EL-1), and rumor necrosis factor-a (TNF-a) on MMP-1 and HMP-1 expres- 
sion was studied on highly purified thyrocytes and undifferentiated 8505 G, C 643, HTh 74, SW 1736 thyroid 
carcinoma cells compared with thyroid-derived fibroblasts. Messenger RNA (mRNA) levels were monitored by 
comperitive semiquantitative reverse transcriptase polymerase chain reaction (RT-PCR) after 24 hours. Culture 
supernatants were assayed for free and/or complexed MMP-1 and HMP-1 after 48 hours using emyme-linked 
immunosorbent assay (EL1SA) systems (detection limit: <2 ng/mL). MMP-1 and TTMP-1 mRNA were present in 
all cell types, although thyrocytes showed MM?-1 mRNA levels near the detection limit. 8505 C expressed MMP- 
1 mRNA levels of up to 10 6 times those of the other ceils analyzed. PMA and IL-1 increased MMP-1 mRNA in 
most cell types. TIMP-1 mRNA increased after treatment with PMA in all cells except 8505 Q whereas only 
slight effects were shown after EL-1 stimulation. MMP-1 protein was undetectable in normal thyrocyte cultures, 
but was secreted spontaneously by all cell lines ([ng/mL]; C 643: 15 ± 7; HTh 74: 81 ± 1; SW 1736: 13 ± 2; 
8505Q 2097 ± 320). There was a strong correlation between levels of MMP-1 mRNA and protein (r = 0.99* 
p < .0001). PMA and IL-1 increased MMP-1 secretion in all cell types after 48 hours; Fibroblasts ([ng/mL] 517 ± 
55) and the cell lines (C 643: 142 ± 48; HTh 74: 115 ± 13; SW 1736: 202 ± 14; 8505 C: 120 ± 19) secreted 
TTMPtI in unstimulated cultures, whereas only a trace amount was detected in thyrocyte cultures, even after PMA 
treatment. IL-1 upregulated TTMP-1 secretion after 48 hours in SW 1736, HTh 74, and C 643 cells. Our data 
suggest that in contrast to normal thyrocytes, dedifferentiated thyroid carcinoma cell lines are potential produc- 
ers of MMP-1 as well as T1MP-L High MMP-1 or MMP-1 /TIMP-1 expression may play a role in tissue inva- 
sion of undifferentiated thyroid cancer cells. 



INTRODUCTION 

MATRIX METAL LOPROTE TNASES, (MMPs) constitute 3 
family of structurally related proteolytic enzymes re- 
sponsible for the proteolytic degradation of extracellular 
matrix (ECM) components. They are important partici- 
pants in normal tissue remodeling and contribute to the 
pbenorype of several pathological conditions that are as- 
sociated with progressive ECM degradation. MMPs are 
highly regulated at different levels (1). At the transcrip- 
tional level, MMP expression can be directly induced or 



suppressed on external stimulation, ie, with cytokines, 
phorbol 12-myristate 13-acetate (PMA), lipopolysaccaride 
(LPS), or retinoic acid (2,3). After secretion at post-tran- 
scriptional level, latent MMP proenzymes are regulated by 
proteolytic activation and interaction with tissue inhibitors 
of matrix metalloproteinase (TlMPs), their specific in- 
hibitors. Any imbalance between the proteolytic MMPs ac- 
tivities and. the TIMPs that could be influenced and caused 
by cytokines could potentially lead to pathological condi- 
tions (4). 

MMP-1, although known 3S an interstitial collagenase, 
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is the only enzyme active at neutral pH thai can degrade 
extracellular fibers comprised of collagen types I, II, and 
III. With this initial step, MMP-1 provides the cleavage 
produqs to other collagenase types (5). The major specific 
inhibitor of MMP-1 is IIMP-I, a 28.5-kd glycoprotein, 
which forms 1:1 stoichiometric complexes with the pro- 
tease (6). Cytokines and growth factors have been shown, 
to regulate the expression of both MMP-1 and TIMP-1 
(1,7,8). 

Although the participation of MMP-1 as the initial col- 
lagcnase in tissue breakdown during tumor development is 
well documented (9-11), only one study has described the 
expression (12) but no study has as yet investigated the reg- 
ulation of this enzyme in different thyroid tumors. Few stud- 
ies have been published investigating the role of other 
MMPs in normal and pathological thyroid tissue by in situ 
hybridization and immunohistqehemistry (13— 16>. Fur- 
thermore, tissue remodeling includes both the action of 
MMPs and their inhibitors; thus, these enzymes could be 
involved in autoimmune and other nonautoimmune thyroid 
diseases during morphological changes (17,18). It is still un- 
known whether or not thyrocytes are able to express MMPs 
and TIMPs. Although type IV collagenases (MMP-2 and 
MMP-9) were detected in various human epithelial cells of 
different tissue origin (19,20), only one study described the 
secretion of MMP-1 by epithelial cells (21). 

Highly purified normal thyrocytes and four thyroid car- 
cinoma cell lines were included in this study to investigate 
the involvement of these cells in MMP-1 and T1MP-1 pro- 
duction during thyroid tissue remodeling processes and in 
malignant thyroid neoplasms. MMP-1 and TIMP-1 ex- 
pression were studied at both the mRNA and protein level 
by semiquantitative RT-PCR and EL1SA measurement, re- 
spectively. 

In unstimulated carcinoma cell lines both MMP-1 and 
TIMP-1 mRNA were expressed, partly at a high level, fol- 
lowed by the spontaneous secretion of the proteins. The 
various conditions for the stimulation of the different cell 
lines by cytokines and PMA were defined. In contrast to 
the cell lines, normal thyrocytes did not secrete MMP-1 
and only trace amount of TIMP-1, even after stimulation 
with PMA. 



MATERIALS AND METHODS 

Preparation of tissues, thyroid- derived cells, and 
cell lines 

Thyrocytes were prepared from surgical thyroid speci- 
mens from 3 patients (1 Graves' disease, 2 nontoxic goi- 
ter; mean age 543 t 5.0 years). Fibroblasts were separated 
from thyroid tissue of 5 other patients (3 Graves'disease, 
2 nontoxic goiter; mean age 43.6 ± 6.4 years). Graves* dis- 
ease and nontoxic goiter were diagnosed on the strength 
of clinical, biochemical, and immunologic features as well 
as thyroid scintiscans. 

Thyroid tissue was trimmed of fat and connective tissue 
immediately after surgery. Thyroidrderived cells were en- 
riched alter gradual enzymatic digestion of tissue and cul^ 
tured over a period of 16 hours as described. Thyrocytes 
were obtained fiom the adherent 'fraction by incubating 
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the cell monolayer with phosphate buffered saline (PBS) 
without Ca 2 "/Mg 2+ for 45 minutes (22). Residual fibro- 
blasts were removed after subsequent incubation of the 
cells with the fibroblast-speciftc mab FibASOl (22> and 
goat-anti-mouse IgG-DYNABEADS© M450 (DYNAL, 
Hamburg, Germany) according to the manufacturer's pro- 
tocol. 

Thyroid-derived fibroblasts were obtained after cuirurmg 
small pieces of thyroid tissue in Dulbeccos's Modified Ea- 
gle's Medium (DMEM) with 10% fetal calf serum (FCS) 
and harvested in the 5th to 7th passage. The purity of the 
thyrocytes and fibroblasts was determined by using indirect 
immunofluorescence technique on a FACS-Scan (Becton 
Dickinson GmbH, Heidelberg, Germany) as described (22). 
. The following human anaplastic thyroid carcinoma cell 
lines were cultured in DMEM with 10% FCS: C 643 (23); 
SW 1736 (23); and HTh 74 (24). The cell line 8505 C (25) 
was purchased from the German Collection of Micrborr 
ganisms and Animal Cell Cultures (DSM ACC219). This 
cell line was established from a primary thyroid tumor 
characterized histologically as a undifferentiated carcinoma 
that was partially composed of poorly differentiated pap- 
illary cells (25). This is a feature of a subgroup of anaplas- 
tic carcinoma (26). The majority of these coexistent better 
differentiated carcinoma foci in anaplastic carcinoma were 
papillary (26)/ 

In vitro cultures 

Using 24- well plates, 1 X 10 5 cells were cultured for 24 
hours. The medium was aspirated and replaced with 500 
fiL OPT1-MEM (G1BCO BRL, Grand Island, NY) without 
FCS to eliminate possible stimulation of MMP-1 and 
TIMP-1 production by FCS. The medium contained the 
desired concentration of human IL-lor (10 U/ml; Pepro 
tech EC Ltd., London, UK), TNF-a (100 U/mL; t>epro 
Tech EC Ltd.), interferon-y (IFN-y) (500 U/mL; Pepro 
Tech EC Ltd.), or 1 0 ng/mL PMA (SIGMA) 

Triplicate cultures of each stimulator, were analyzed af- 
ter 3, 6, and 24 hours at the mRNA and after 24 and 48 
hours at the protein level. The supematants were removed 
and stored at - 80*C for further use. First, a collagenolytic 
assay based on the digestion of type 1 collagen was per- 
formed. This method showed direct evidence of free pro- 
MMP-1 enzyme in the cell culture supematants of un- 
stimulated and 1L-1 or stimulated 8505 C, HTh 74, and 
C634 cells (data not shown). However, the method does 
not allow quantitation of MMP-1 enzyme activity. Thus, 
the cell culture supematants were assayed for MMP-1 > 
TIMP-1, and MMP1/T1MP-1 complex by EUSA (Amer- 
sham Life Sciences, Braunschweig, Germany). The MMP- 
1 assay (sensitivity: 1.7 ng/mL) detected only total human 
MMP-1, ie, free MMP-1 and MMP-1 complexcd with in- 
hibitors such as T1MP-J. h did not detect MMP-1 bound 
by the nonspecific protease inhibitor o 2 -macroglobulin. 
The MMP-j/TlMP-1 assay (sensitiviry: 1.5 ng/mL) de- 
tected MMP-J/T1MP- J complex, ie, activated MMP-1 thai 
has been subsequently complexed with the specific MMP- 
1 inhibitor TLMP-1. Jt did not detect free act fve MMP-1, 
free TIMP-1 , or pto-MMP-1. There was no cross-reactiv- 
ity with active MMP-1 bound by the nonspecific protease 
mhibtior crrmacroglobulin. The T1MP-.1 assay (sensitivity: 
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1.25 ngAnL) detected total human TIMP-1, ie, free TIMP- 
1 and that complexcd with MMPs. The assay did fully 
cross-react with TTMP-l in complexes with other MMP. 
It did not cross-react with TIMP-2. 

RNA extraction and cDNA synthesis 

For gene expression studies, 5 mL RNAzoF* B (Biotex 
Laboratories Inc., Houston, TX) was added to the cell cul- 
ture wells. The content of three wells of any cell type was 
pooled and then stored frozen for further mRNA analysis 
in liquid nitrogen. Total cellular RNA (cDNA) was iso- 
lated from the probes according to the manufacturer's pro- 
tocol. RNA was fractionated on a denaturing 1.0% agarose 
gel and stained with ethidium bromide to confirm that 
spectrophotometric measurements were accurate arid that 
the RNA had not been degraded. Five micrograms total 
RNA was reverse-transcribed to cDNA using the First- 
strand cDNA synthesis kit of Pharmacia (Uppsala, Swe- 
den) in a total reaction volume of 15 /iL. 

mRNA analysis by competitive RT-PCR 

To correct for variations across different cDN A prepa- 
rations; all samples were first adjusted to contain equal in- 
put gfyceralderyde-3-phosphate dehydrogenase (GAPDH) 
cDNA concentrations. Semi-quantitative GAPDH RT-PCR 
was used with a heterologeous synthetic competitor frag- 
ment. The generation of the specific PCR products from 
the competitor and the cDNA with the GAPDH primers 
were published earlier (22,27). 

. We then estimated the MMP-1 and T1MP-1 cDNA in 
these adjusted samples. The primers were selected using the 
DNAsis computer program (Hitachi Software Engineering 
Co, Yokohama, Japan). The primer pairs span one or more 
introns to allow unambiguous discrimination between 
cDNA.and unwelcome contaminating genomic DNA. In 
quantitating MMP-1 and HMP-1 cDNA, a rapid one-step 
method was introduced to synthesize an internal horriolo- 
geous competitor (plan diagram of procedure: Fig. 1, ex- 
emplary for MMP-1 [28]. A hybrid primer was synthesized 
(MMP-lhy) that consisted of two segments (segj, seg2). H 
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FIG. 1. General scheme loi genera ling homologous com- 
petitors used for quantitative PCR. 
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had a length of 40 nucleotides, in which 20 nucleotides (seg,) 
at the 3' end corresponded to the opposite strand of the tar- 
get sequence a predetermined distance from primer MMP- 
lf, and 20 nucleotides at the 5' end (seg2 = MMP-lr) that 
corresponded to the target sequence upstream from the seg- 
ment segi. Amplification with the primers MMP-lf and 
MMP-lhy from the cDNA resulted in a 478-base pair (bp) 
(polymerase chain reaction (PCR) product. It was freed from 
excess primers and deoxynucleoside- triphosphates (dNTPs) 
using the Qiaquick Gel Extraction Kit (Qiagen GmbH, 
Hilden, Germany) and quantified. A known number of 
copies of the competitor was introduced in the GAPDH-ad- 
justed samples and amplified with the primers MMP-lf and 
MMP-lr. With this approach, two products were generated, 
one derived from the cDNA (560 bp) and another, 82 bp 
smaller in size derived from the internal competitor (Fig, 1). 
PCR products were resolved by gel electrophoresis (1.5% 
agarose gel). The relative amounts of sample cDNA and 
competitor were quantified by measuring the intensity: of 
ethidium fluorescence with a CCD image sensor and .ana- 
lyzing the data with the EASY program (Herolab, Wlesloch, 
Germany). The initial amounts of sample cDNA and com- 
petitor were assumed to be equal in those reactions where 
the ratio of the two products was judged to be equal. This 
was expressed in arbitrary units (AU) (22,29). One AU was 
defined as the lowest concentration of competitor yielding 
a detectable amplification product when added to PCR 
alone. For example, if equivalence between sample cDNA 
and competitor was reached using a J 00- fold concentrated 
competitor the relative sample cDNA concentration was 100 
AU. Thyrocytes and the cell lines were analyzed for the ex- 
pression of thyroid-specific and cytokine receptor mRNAs 
in a simple RT-PCR. The sequences of the TPO and cy- 
tokine receptor primer pairs have been published by Wat- 
son et al. (30) and Tada et al. (31) and gave the following 
product sizes: TPO: 506 bp; IL-1R type I (p80):300 bp; 1L- 
1R type D ( P 68): 392 bp; TNF-aR (p75): 324 bp; TNF-aR 
(p55): 587 bp and IFN-yR: 899 bp. The thyroglobulin (Tg) 
and thyroid stimulating hormone receptor (TSH-R) primer 
pairs were selected according to the published sequences us- 
ing the DNAsis program (Table 1). 

Each 25- uL amplification reaction contained 2.5 /iL 
10 X concentrated PCR buffer (15 mM MgC^, Boehringer 
Mannheim, Germany), 0.3 U Taq DNA polymerase 
(Boehringer Mannheim, Germany), 100 pM dNTPs 
(Perk in Elmer, Weiterstadt, Germany), 0.1 >iM of each 
primer (1MB, Jena, Germany), and 1 /xL cDNA and com- 
petitor in adjusted dilution. Furthermore, restriction map- 
ping (restriction enzymes: Boehringer Mannheim GmbH, 
Germany) was carried out to confirm the originality of the 
PCR product (Fig. 1, Table 1). 

Statistics 

Protein levels of thyrocyte or fibroblast cultures frorh the 
different patienrs and of the thyroid carcinoma cell lines ob- 
tained from three separate experiments were presented as 
mean i SEM values. Statistical comparisons between un- 
stimulated and stimulated cell cultures were performed by 
the alternate (Welch) t-test. The correlation between basal 
mRNA levels and the unstimulated protein secretion in all 
cell rypes was calculated according to the Spearman method. 
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Table J Primers, Length of Amplified Templates, Restriction Mapping and Assay Conditions for RT-PCR 



Primer Length. of Length of Annealing . Number of 

S'~ -J* cDNA (bp) competitor (bp) temperature cycles 



Tg 


forward 


GCAGATCTTACTGAGTGGCr 


416 




60 


35 


reverse 


TGTCAGCACAGTGGCAATAC 










TSH-R 


forward 


ACTTGCrGCAGCTGGTGCT 


354 




65 


35 


exons 1—4 


reverse 


TGAGGGCATCAGGGTCTATG 










TSH-R 


forward 


GAAATTCGGAATACCAGGAACTTA ACT 


m 




53 ■ " 


P ': 


exons 4- JO 


reverse 


AACTCATCGGACTTGCGGGTACA 










MMP-1 


forward 
reverse . 


TGGGAGCAAACACATCTGAC 
AtCACTTCTCCCCGAATCGT 


560 


478 


64 


33 




hybrid 


ATCACTTCTCCCCGAATCGT 












CCATATATGGCTTGG ATGCC 










TIMP-1 


forward 

reverse 

hybrid 


CTTAGGGGATGCCGCTGACA 
GGCAGGCAGGCAAGGTGACG 
GGCAGGCAGGCAAGGTGACG 
GGATGGATAAACAGGGAAAC 


351 


274- 


64 


30 



Tg indicates thyroglobuline; TSH-R* thyroid stimulating . hormone receptor; MMP-L mauix metalloproteinase-l; TTrvTPO,. tissue inhibitor of 
mclaJlopnrteinasc- 1; bp, base pair. 



RESULTS 

Thyroid specific and cytokine receptor 
mRNA expression 

Isolated thyrocytes as well as 8505 C cells expressed Tg 
and thyroperoxidase (TPO) mRNA, whereas transcripts of 
the TSH-R {exons 3—4, 354 bp, exons 4-3 0, 896 bp) were 
present only in the thyrocytes. The three anaplastic thy- 
roid carcinoma cell lines S*W 3736* C 634, and HTh 74 
were completely negative for the Tg, TPO, and TSH-R mR- 
NAs (Fig. 2). All cell lines and thyrocytes expressed 1L-3R 
(type I and type 11), TNF-aR (p75 and p55) and IFN-yR 
mRNA {Fig. 2). 

Basal MMP1 and TMP-1 mRNA and 
protein expression 

In most stimulation experiments, mRNA levels did not 
increase until 24 hours of incubation. The 24-hour mRNA 
levels are shown in Figures 3 and 4. The 3- and 6- hour 
levels are demonstrated in those experiments where the 
mRNA levels reached their peak before 24 hours of stim- 
ulation. If not otherwise indicated, the MMP-3 levels were 
measured using the EL3SA system, which recognizes 
free/complexed MMP-1. 

MMP-3 and TIMP-1 mRNA were found during un- 
stimulated culture in all investigated cell types, although 
the mRNA levels varied over a great range. 8505 C showed 
a basal MMP-3 mRNA level 20 times as high as those of 
the HTh 74 cells, 6 X 10 4 times as high as C 643, and 2 X 
10 fc times as high as SW 1736 cells. In thyrocytes, MMP- 
1 mRNA levels were found near the detection limit (Figs. 
3 and 4). 

Generally, when analyzing the noted cell rypes, the mea- 
sured basal MMP-3 or T1MP-3 mRNA levels correlated 
well with the basal protein expression (MMP-3: r = 0.99, 
p < ,0001; TIMP-1: r = 0.98,p < .002). Corresponding to 
the h)gh MMP-1 mRNA level, 8505 C cells secreted ex- 
iremely high levels of MMP-3. No MMP-3 or TIMP-1 w as 



detected in unstimulated thyrocyte. cultures, at any time- 
point examined. All other cell types showed a spontaneous 
MMP-1 and TIMP-1 secretion (Figs* 5 and 6). Thyroid- 
derived fibroblasts produced, basal TIMP-1 levels of up to 
4 times higher in the four carcinoma cell lines, which se- 
creted nearly the same amounts of basal TIMP-1 protein. 
Nevertheless, T1MP-3 secretion of fibroblasts was found 
at lower levels than expected after TIMP-1 mRNA mea- 
- surement in 4 of 5 analyzed patients. The results of the fi- 
broblast cultures from patient five showing a higher T1MP- 
1 expression than those from the 4 other patients (basal 
24 hour: 50 i 2; PMA 24 hour: 90 X- 6 ng/roL TTMP-3) 
was omitted in Figure 6, 

Comparing the basal amount of free/complexed and 
TIMP-3 complexed MMP-1 after 24 hours of stimulation, 
a significant level of MMP-3 was not complexed with 
TIMP-1 in 8505 C cultures, whereas in fibroblast cultures 
most of the MMP-1 activity was inhibited by TIMP-1- The 
anaplastic carcinoma cell line HTh 74 did not show such 
a great discrepancy between free/complexed and TIMP-1 
complexed MMP-1 level as 8505 C cells (Fig. 7). 

Effects, of IL Ja on MMP-1 and TIMP-1 mRNA and 
protein expression 

Experiments were performed to determine whether hu- 
man thyroid epithelial cells and thyroid carcinoma cell lines 
could produce or increase basal MMP-1 and TTMP-3 se- 
cretion after exposure 10 various stimuli. The results from 
these stimulation experiments are summarized in Figures 
3 through 5. Generally, there was a delay in protein se- 
cretion level in comparison to the rnRNA expiession level. 
At the protein level, the cytokine-mediated stimulating or 
inhibiting effect is more distinct after 48 hours compared 
with 24 hours, even when the mRNA level had already de- 
creased after 6 hours. 

1L-1 upregulated MMP-1 mRNA in 3736.cells up 
to 300 times and, in thyroid-derived fibroblasts, up to 32 
times aher 24 hours of incubation (Fig. 3). This increased 
mRNA level was accompanied by a significantly enhanced 
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FIG. 2. Amplification of thyroid specific and interleukin-receptor mRNA in thyrocytes (1), SW 1736 (2), C 643 (3), HTh 
74 (4) and 8505 C (5) cells using RT-PCR; M r = 100-bp ladder (GIBCO). 



MMP-1 secretion after 48 hours. Furthermore, IL-1 or in- 
creased MMP-1 mRNA expression in thyrocytes up to 
seven times after 6 hours, but no MMP-1 protein could be 
detected in thyrocyre cultures. IL-1 had no stimulatory ef- 
fect on MMP-1 mRNA expression in C 643, HTh 74, and 
8505 C cells after 24 hours, although a significant increase 
of MMP-1 secretion was found in HTh- 74 and SW 1736 
ceils after 48 hours of incubation {Fig. 5). This discrepancy 
may be explained by a possible increase in MMP-1 mRNA 
level after 24 hours of stimulation. The same effect could 
also be observed in the IL-1 stimulated TIMP-1 at the 
mRNA as well as the protein level: the only slight effect 
of IL-1 on TIMP 1 ! mRNA expression in carcinoma cell 
lines after 24 hours was accompanied by a significant in- 
crease of TIMP-1 secretion in 8505 C and HTh 74 cells 
after 48 hours (Figs. 4 and 6). 

Effects of TNF-a on both MMP-1/T1MP-1 mRNA 
and protein expression 

In contrast to IL-1, TNF-a did not stimulate the MMP- 
1 and T1MP-1 mRNA and protein levels in all carcinoma 
cell lines and ihyrocyies. Only thyroid-derived fibroblasts 
responded with a slight upregulation of MMP-1 and TIMP- 
1 mRNA expression after TNF-a stimulation, which was 
not accompanied by an increase of MMP-1 and T1MP-1 
secretion. 



Effects of PMA, and lFN-y on MMP-1 and TJMP-1 
mRNA and protein expression 

PMA was included in our study as a positive control 
because it is known to upregulate.or induce both MMP- 
1 and TIMP-1 secretion in various cell types (1,32). In- 
deed, PMA was able to induce or enhance MMP-1 
mRNA levels in all cell types investigated, although the 
detected levels varied to a large extent (Fig. 3)- This re- 
sult is in good correlation with the significantly increased 
MMP-1 protein levels that were already detectable after 
24 hours of stimulation (Fig. 5). PMA upregulated T1MP- 

1 mRNA levels by up to 20 times in C 643, and up to 

2 times in SW 1736 and HTh 74 cells, fibroblasts and 
thyrocytes, but it did not change the TIMP-1 mRNA con- 
tent in 8505 cells (Fig. 4). At the protein level, we found 
a significant stimulation of TIMP-1 secretion in C 643 
and HTh 74 cells, as well as in thyroid-derived fibrob- 
lasts (Fig. 6). 

In contrast to PMA, IFN-y was without effect on stim- 
ulation or downregulation of MMP-1 and TIMP-1 mRNA 
or protein in any of the cell types investigated (Figs 5 and 

6). 

The main inhibitor of MMP-1 is TIMP- 1, which forms 
1:1 stoichiometric complexes with MMP- 1 „ although some 
other inhibitors can also bind MMP ). On the other hand, 
T1MP-J can bind other MMP types. 
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FIG. 3. Representative samples of competitive amplified MMP-1 mRNA of thyrocytes, thyroid-derived fibroblasts and thy- 
roid carcinoma cell lines without stimulation (control) and after stimulation with 10 U/mL iL-lor and 100 U/mL TNF-a and 
10 ng/mL PMA after 24 hours. Serial dilutions of known amounts of the competitor fragment were coamphfied with identi- 
cal aliquots of cDNA. The 5 60- bp (cDNA) and 478-bp (competitor) PCR products were visualized by agarose gel electrophoresis 
and ethidiumbrorhide staining. The relative concentration of the added competitor was given in arbitrary units '(AU) in the 
figure. One AU was defined as the lowest, concentration of the competitor yielding a detectable amplification for MMP-1 
mRNA. The ratio of competitor to cDNA fragments was determined by measuring the intensity of ethidium fluorescence with 
a CCD image sensor and analysis of data. Measured cDNA concentration can expressed in AU. 



DISCUSSION 

Our findings demonstrate for the first time that thyroid 
carcinoma cell lines are able to express MMP-1 and T1MP- 
] mRNA and protein at significant levels in vitro. The ob- 
servation of spontaneous release of MMP-1 and TIMP-1 
corresponds well with earlier studies covering the secretion 
of these proteins by several carcinoma cell lines (33,34). 

However, in contrast to its clear physiological function 
in extracellular matrix breakdown, the role of MMP-J in 
tumor growth and metastases is still controversial 
(9-11,33). Recently, Murray et al. (10) demonstrated rhni 
MMP- 1 is associated with poor prognosis in colorectal can- 
cer, and has a prognostic value independent of the Dukes 
stage. Therefore, MMP-1 could be a target for therapeu- 
tic intervention in such tumors. Furthermore, the hypoth- 
esis of whether or not cancer cells themselves arc able to 



produce MMP, or whether cancer cells stimulate the sur- 
rounding stromal cells to secrete MMP in vivo y is disputed. 
MMP-1 mRNA and protein were detected by both in situ 
hybridization and immunohistochemistry , in stromal as 
well as tumor cells of head, neck, gastric, colorectal, and 
mammary carcinomas (9,10,36,37). In contrast, 
Kameyama (12) demonstrated by in situ hybridization that 
the MMP-1 mRNA was not expressed in the cancer cells 
but m the surrounding fibrous capsules of strongly differ- 
entiated papillary thyroid carcinoma tissue. Highly differ- 
entiated follicular carcinomas and follicular adenomas 
were depleted for MMP-1 transcripts. Undifferentiated fol- 
liculary, papillary, and aggressive anaplastic carcinomas 
that showed poor prognosis and strong tumor invasive and 
metastatic potential and that can be compared in their 
morphologfcal, genetic and growth features with undiffer- 
entiated thvroid carcinoma cell lines were not included this 
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1 her derails see Figure 3. . /. 



study. However, the missing expression of MMP-1 by nor- 
mal thyrocytes and the spontaneous secretion of this prob- 
lem by highly malignant thyroid carcinoma cell lines, as 
demonstrated in our study, indicate the involvement of 
MMP-1 secretion of transformed thyrocytes in aggressive 
thyroid tumors. 

Although all cell lines analyzed in our study sponta- 
neously secreted MMP-1, we observed marked differences 
in the basal secretion capacity. The highest MMP-1 levels 
were determined in cultures of 8505 C cells. Only 8505 C 
cells expressed TPO and Tg mRNA that may be put down 
to residual differentiated components in the cell line (see 
Materials). However, none of the analyzed cell lines ex- 
pressed TSH-R mRNA. The cell population doubling times 
were Jess than 40 hours. All cell lines had accumulations 
of multiple genetic events. These facts indicate the undif- 
ferentiated pathology of the studied lines. It is well known 
that anaplastic carcinoma cell lines well retain the malig- 
nant characterises of their parental tumors (38--40). 

Furthermore, we found a distorted proportion bcrween 
MMP-1 and TIMP-1 mRNA/protein for ca rcinoma cell 
lines but not for normal thyroid-derived fibroblasts. The 
most disadvantageous constellation between MMP-1 and 
TIMP-1 was found in 8505 C cells. Similar to other stud- 
ies (41), these results suggest rhe influence of an altered 
MMP/TIMP relation on minor progression. However, it 



should be mentioned that most studies, including the pre- 
sent one, do not take into consideration that a number of 
inhibitors distinct from TIMP-1 may regulate MMP-1 ac- 
tivity. Taking into account that the balance of active en- 
zyme and TIMP-1 concentration strongly influence the ex- 
tent of local matrix degradation, a number of studies 
showed unexpectedly high levels of TIMP-1 in malignant 
neoplasms (9,42,43)- There is a great discussion as to 
whether the overall expression of MMP-1 and TIMP-1 or 
the amount of noncomplexed MMP-1 could be critical in 
aggressive tumor development. This fact underlines the na- 
ture of tissue breakdown, reflecting the complicated net- 
work of selective and coordinated production of individ- 
ual proteinases . and inhibitors under normal and 
pathophysiological conditions. Thus, the invasive and 
metastatic potential of thyroid tumors depends on the lo- 
cal net level of active MMPs. 

The synthesis of MMP-1 and TIMP-1 is influenced by a 
variety of biochemical stimuli. The recent findings on 
MMP-1 and TIMP-1 gene promoters are useful in under- 
standing the complex mechanisms implied in the regula- 
tion of MMP synthesis modulated by cytokines an,d tumor 
promoters (34,44,45). The promoter regions contain tu- 
mor promoter responsive elements (TRE) and binding mo- 
tifs for the transcription factor PEA-3, which are recog- 
nized by proio-oncogenic transcription factors, such as the 
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FIG. 7. Comparison between |i) free/complex and (ii) TIMP- 
1 complexed MMP-1 levels, and (iii) TIMP-1 levels in super- 
natants of unstimulated 8505 C and HTh 74 cells, and thy- 
roid-derived fibroblasts after 24 hours using a (i) MMP-1 
EUSA that recognizes total MMP-1 (sec Figure. 5). The (ii) 
MMP-l/TIMP-1 assay recognizes MMP-l/nMP-1 complexes, 
ie, activated MMP-1 that has subsequently been complexed 
with the specific MMP inhibitor TIMP-1: The (iii) TLMP-1 
EUSA recognizes total TIMP-1, ie, free TIMP-1 and that com- 
plexed with MMPs. 



fos and>« family (45-47). IL-1, TNF-a, and PMA up- 
regulate proto-oncogenes like fos and jun, resulting in the 
stimulation of MMP-1 and TIMP-1 (45,48). The action of 
the cytokines is mediated by their specific receptors. In our 
study, 1L-1R (type I and type II), TNF-oR (p75 and p55) 
and IFN- r R mRNAs were demonstrated in all investigated, 
cell types. PMA and IL-1 were shown to elevate MMP-1 
and TIMP-1 in nearly all cell types investigated, thus con- 
firming the results of several studies on other epithelial cells 
(reviewed in refs. 1,7,49). Inithe majority of experiments, 
we found a concordant expression of MMP-1 and T1MP- 
1 after stimulation, possibly achieved by the coordinated 
actions of the nuclear transcription factors, although MMP- 
1 and TIMP-1 expression can also be independently or even 
reciprocally regulated (1). The effect of TNF-a was not as 
distinct as in the case of PMA and IL-1, although several 
investigators found a pronounced effect of TNF-a particu- 
larly on TIMP-1 secretion (4,34). In contrast to studies per- 
formed with other eel) types (863,864,819), lFN-y did not 
influence MMP-1 and TIMP-1 expression in thyroid carci- 
noma cell lines. In summary, the involvement of the in- 
trathyroidal physiological and pathological cytokine mi- 
croenvironment in the regulation of MMP- 1 and TIM Pi 
induction activation and inhibition is strongly suggested. 

Furthermore, the data demonstrate that regular human 
ihyrocyres did not produce MMP- 1, even after powerful 
snmulation with PMA. Investigating other mammalian ep- 
ithelial cells, only one study revealed rhe production of 



MMP-1 by rabbit corneal cells (21). It is yet not clear 
whether the MMP-1 mRNA detected in thyrocytes is due 
to. a low level of constitutive transcription of the MMP-1 
gene (illegitimate transcription), an existing pool of stable 
MMP-1 mRNA, or. in vitro induction of MMP-1 mRNA. 
But h seems more likely that residual fibroblasts contained 
in the purified thyrocyte preparation (<6^2%) art respon- 
sible for the slightly positive RT-PCR results. Another ex- 
planation could be that thyrocytes are indeed MMP-1 pro- 
ducers, but the ELISA detection system used was not 
sensitive enough to measure extremely low MMP-1 secre- 
tion levels- Furthermore, the discrepancy between elevated 
TIMP-1 mRNA levels . of thyrocytes and the extremely low 
TIMP-1 protein secretion by these cells is difficult to ex- 
plain. Post-transcriptional regulatory events may be re- 
sponsible for this confounding result. 

Taken together, the present study suggests that the in- 
trathyroidal cytokine microenvironment is involved in the 
regulation of MMP-1 and its inhibitor TTMP-1 in the thy- 
roid, and that both proteins may be secreted by dediffer- 
entiated thyroid carcinoma cells and involved in aggressive 
thyroid tumors in vivo. 
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Expression of embryonic fibronccttn isoform EHIA parallels alpha-smooth 
muscle actiu in maturing and diseased kidney. 

Dames VL . Musa J , Mitchell RJ , Barnes JL 

Department of Medicine, Division of Nephrology, University of Texas Health Science 
Center, San Antonio, Texas, USA. 

In this study we examined if an association exists between expression of an alternatively 
spliced "embryonic" fibronectin isoform EIIIA (Fn-EIIIA) and alpha-smooth muscle 
actin (alpha-SMA) in the maturing and adult rat kidney and in two unrelated models of 
glomerular disease, passive accelerated anti-glomerular basement membrane (GBM) 
nephritis arid Habu venom (HV)-induced proliferative glomerulonephritis, using 
irnmunohistochemistry and in situ hybridization. Fn-EIIIA and alpha-SMA proteins were 
abundantly expressed in mesangiunr and.in periglomerular and peritubular interstitium of 
20-day embryonic and 7-day (D-7) postnatal kidneys in regions of tubule and glomerular 
development Staining was markedly reduced in these structures in maturing juvenile (D- 
14) kidney and was largely lost in adult kidney. Expression of Fn-EIIIA and alpha-SMA 
was reinitiated in the mesangiurri and the periglomerular and peritubular interstitium in 
both models and was also observed in glomerular crescents in anti-GBM nephritis. 
Increased expression of Fn-EIIIA mRNA by in situ hybridization corresponded to the 
localization of protein staining. Dual labeling experiments verified co-localization of Fn- 
EIIIA and alpha-SMA, showing a strong correlation of staining between location and 
staining intensity during kidney development, maturation, and disease. Expression of 
EIIIA mRNA corresponded to protein expression in developing and diseased kidneys and 
was lost in adult kidney. These studies show a recapitulation of the co-expression of Fn- 
EIIIA and alpha-SMA in anti-GBM disease and suggest a functional link for these two 
proteins. 
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BM^l geuc amplification and overexpressiou in hematological 
malignancies occur mainly in mantle cell lymphomas. 

* + 

Bca S, Tort F, Pinyol M; Puig X, Hernandez L . Hernandez S , Fernandez PL. van 
Lohuizen M , Colomer D, Campo E . 

The Hematopathology Section, Laboratory of Anatomic Pathology, Hospital Clinic, 
Institut d'Investigacions Biomediques August Pi i Sunyer (IDIBAPS), University of 
Barcelona, Spain. 

The BMI-1 gene is a putative oncogene belonging to the Polycomb group family that 
cooperates with c-myc in the generation of mouse lymphomas and seems to participate in 
cell cycle regulation and senescence by acting as a transcriptional repressor of the 
INKL4a/ARF locus. The BMI-l gene has been located on chromosome I Op 13 , a region 
involved in chromosomal translocations in infant leukemias, and amplified in occasional 
non-Hodgkin 1 s lymphomas (NHLs) and solid tumors. To determine the possible 
alterations of this gene in human malignancies, we have examined 160 
lymphoproliferative disorders, 13 myeloid leukemias, and 89 carcinomas by Southern 
blot analysis and detected BMI-1 gene amplification (3- to 7^fold) in 4 of 36 (1 1%) 
mantle cell lymphomas (MCLs) with no alterations in the !NK4a/ARF locus. BMI-l and 
pl6INK4a mRNA and protein expression were also studied by real-time quantitative 
reverse transcription-PCR and Western blot, respectively, in a subset of NHLs. BMI-1 
expression was significantly higher in chronic lymphocytic leukemia and MCL than in 
follicular lymphoma and large B cell lymphoma. The four tumors with gene 
amplification showed significantly higher mRNA levels than other MCLs and NHLs with 
the BMI-l gene in germline configuration. Five additional MCLs also showed very high 
mRNA levels without gene amplification. A good correlation between BMI-1 mRNA 
levels and protein expression was observed in all types of lymphomas. No relationship 
was detected between BMM and pl6INK4a mRNA levels. These findings suggest that 
BMI-l gene alterations in human neoplasms are uncommon, but they may contribute to 
the pathogenesis in a subset of malignant lymphomas, particularly of mantle cell type. 
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BMI-1 Gene Amplification and Overexpression in Hematological Malignancies 
Occur Mainly in Mantle Cell Lymphomas 1 

Silvia Bea, Frederic Tort, Ma gd a PinyoJ, Xavier Puig, Luis Hernandez, Silvia Hernandez, Pedro JL. Fernandez, 
Maarlen vaii Lohuizen, Dolors Co)omer,' and EJias Campo 2 . 
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Barcelona. 08036 Barcelona. Spain fS. B.. K T.. M. P.. X. P.. L B.. S H. r P. L. F.. D. C. £ C.J r and Division of Molecular Carcinogenesis, The Netherlands Cancer Institute, 
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Abstract 

- The BMJ-1 gene is a putative oncogene belonging to the Pdlycorob 
group family that cooperates with t-myc in tbe generation of mouse 
lymphomas and seems to participate in cell cycle regulation and senes- 
cence by acting as a transcriptional repressor of tbe JNK4a/ABF locus*. 
Tbe BMJ-1 gene has been located on chromosome 10pJ3, a region involved 
in chromosomal translocations in infant . lenkemias, and. amplified in. 
occasional non-Hodglun's lymphomas (NHLs) and solid tumors. To de- 
termine the possible alterations of .this gene in human malignancies, We 
have examined J 60 lymph oprolif era live disorders, 13. myeloid leu hernias, 
and 89 carcinomas by Southern blot analysis and detected BMJ-1 gene 
amplification <3- to 7-fold) in 4 of 36 (11%) mantle cell lymphomas 
(MCLs) with no alterations in the WK4a/ARF locus. BMI-1 and pl6 ,NK ' 4 * 
mRNA and protein expression were also studied by real-time quantitative 
reverse transcript ion-PC R and Western blot, respectively, in a subset of 
JSHLs. BMI-1 expression was significantly higher in chronic lymphocytic 
leukemia and MCL than in follicular lymphoma and large B cell lym- 
phoma. The four tumors with gene amplification showed significantly 
. higher mRNA levels than other MCJLs and NHJLs with tbe BMJ-1 gene in 
gcrmline configuration. Five additional MCXs also showed very high 
mRNA levels without gene amplification. A good correlation between 
BMI-1 mRNA levels and protein expression was observed in all types of 
lymphomas. No relationship was detected between BMI-1 and p!6 ,h;K4 " 
jnHPiA levels. These findings suggest that BMI-1 gene alterations in 
human neoplasms are uncommon, but they may contribute to the patho- 
genesis in a subset of malignant lymphomas, particularly of mantle cell 
type. 

Introduction 

The BMJ-1 2 gene is a putative oncogene of the PoJycomb group 
originally identified by retroviral insertional mutagenesis in Ep.-c- 
myc transgenic mice infected with the Moloney murine leukemia 
virus (1, 2). These animals had a rapid development of pre- B cell 
lymphomas showing frequent proviral insertions near the BMJ-1 gene. 
This integration resulted in BM1- 1 overexpression suggesting a coop- 
erative effect between C-MYC and BMJ-1 genes in the development of 
these rumors (3, 4). Recent smdies have indicated that the BMI-1 gene 
may also participate in cell cycle control and senescence through the 
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JNK4o/ARF locus by acting as an upstream negative regulator of 
p]6 iNK4a aj)d p14/pJ9 ARF gene expression (5). The human BMJ-J 

gene has been mapped to chromosome 10pl3 (6), a region involved.)!) 
chromosomal translocations in infant leukernias (7) and rearrange- 
ments in malignant T cell lymphomas (8, 9). More recently, high-level 
DNA amplifications of this region have been found by comparative 
genomic hybridization in NHLs and solid tumors (10, 11). However, . 
the possible implication of the BMJ-J gene in these alterations and its 
role in the pathogenesis of human rumors is not known. The aim of 
this study was to analyze- the possible BMJ-J gene alterations, and 
expression in a large series of human neoplasms and to determine the 
relationship with !NK4a/ARF locus aberrations. 

Materials and Methods 

Case Selection. A series of 262 human rumors, including 173 hematolog- 
ical malignancies and 89 carcinomas (Table 1), matched normal tissues from 
all carcinomas, 1J samples of normal peripheral mononuclear cells, and 5 • 
reactive lymph nodes and tonsils, were selected based on the availability of 
frozen samples- for molecular analysis. 

PNA Extraction and Southern Blot Analysis. Genomic DNA was ob- 
tained using Proteinase K/RNnse treatment; 15 /xg were digested with EcoKl 
and JJindlU restriction enzymes (Life Technologies, Inc., Caithersburg, MD), 
for Southern blol analysis and hybridized with a 1.5-kb Pst\ fragment of the 
partial BMJ-1 cDNA (6). 

RNA Extraction and Real-rime Quantitative J*T-PCR. Total RNA was 
obtained from 67 lymphoid neoplasms (10 CLLs, 27 MCLs, 8 FLs, and 22 
LCLs) using guanidine/isolhiocyanate extraction and cesium/chloride gradient 
centrifugal ion. One p.g of total RNA was transcribed into cDNA using . 
MMLV- reverse transcriptase (Life Technologies, Inc.) and random bexarners, 
following manufacturer's directions. Sequences of the BMI-1 and the p}6 
detection probes and primers were designed using the Primer Express program 
(Applied Biosystems, Foster City) as follows: BMI-1 sense, 5'-CTGGTTGCr 
CCATTGACAGC-3'; BMJ-1 antisense, 5 - C A G A A A ATG A ATGCG A G- 
CCA-3': p16 sense, 5'-CAACGCACCCAATAGTTACGG-3'; pJ6 antisense, 
5'-AACTTCGTCCTCCAGAGTCGC-3\ The probes BMI-1, y-CAGCTC- 
CCTTCAAGATGGCCGC-3'i and p16 r 5 ' - CG G A GGCCG ATCC A GGJGG- 
GTA-3', were labeled with 6-carboxy-fluorescein as the reporter dye. The 
TaqM an- GAPDH Control Reagents (Applied Biosy stems) were used lo am- 
plify and detect the GAPDH gene, as recommended by the manufacturer. The 
quantitative- assay amplified 1 uml of cDNA in two to four replicates using the 
primers and probes described above and the standard master mix (Applied 
Biosystems). All reactions were performed in an AB1 PRISM 7700 Sequence 
Detector System (Applied Biosystems). GAPDH, BMM, and pl6 mx "*" ex- 
pression was related to a standard curve derived fiotn serial dilutions of Raj i 
cDNA. The RUs of BMM and pi 6™^* expression were defined as tbe 
mRNA levels of these genes normalized to the GADP11 expression level in 
each case. 

Protein Analysis. Whole-cell protein extracts were obtained from.addi-, 
tional frozen tissue available in 31 cases (7 CLLs. 12 MCLs, 8 KLs, and 4 
. LCLs) t loaded onto a 10% SDS-poJyacrylarnide gel, and *:!cctroMotted to a 
nitrocellulose membrane (Amersham). Blocked membranes were incubated 
sequentially with the monoclonal antibody BM1-F6 (1?), antimouse conju- 
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Tabic I Hematological malignancies and solid tumor samples analyzed for BS4I-I 

gene alterations 



Tissue samples No. of cases 



Hematological malignancies 

Hodgkin's disease 2 

B cell lymphoprolifcrative disorders 

B-Acute lymphoblastic leukemia 14 

CLL 29 

Hairy cell leukemia . 4 

FL 15 

MCL 36 

LCL 40 

T cell lymphoproltferalivc disorders 

T- A cute lymphoblastic leukemia g 

Large granular cell leukemia 4 

Peripheral T-cell lymphoma 8 

Myeloproliferative disorders 

Acute myeloid leukemia 7 

Chronic myeloid leukemia 6 
Solid tumors 

Colon carcinoma 26 

Breast carcinoma 29 

Laryngeal squamous cell carcinoma 34' 

Total . 262 



gated to horseradish peroxidase (Amersham), and detected by enhanced cbemi- 
luminescence (Amersham) according lo (he manufacturer's recommendations. 

Statistical Analysis. Because of the non-normaJ distribution of the samples 
and the small. size of some subsets of tumors, the statistical evaluation was 
performed using nonparametric tests (SPSS, version 9.0). Comparison between 
mRNA expression levels in the different groups of NHLs was performed using 
the Kraskal-Wallis Test with a P for significance set at 0.05. For differences 
between particular groups, the conservative Bonferroni procedure was per- 
. formed, and the P was set at 0.005. The remaining statistical analyses were 
carried out using the Mann- Whitney nonparametric U lest (significance, P 
<0.05). The comparison between BMl- 1 and pie 1 ** 4 * quantitative mRNA 
levels was also performed using the Pearson's correlation coefficient. 

Results 

BMJ-J Gene Amplification. The BM1-1 gene was examined by 
Southern Wot in a large series of human rumors and norma) samples 
(Table I). The cDNA probe used in the study detecled three EcoR] 
fragments of 73, 3:8, and 2.6 kb and three Hindm fragments of 6.2, 
4, and 3.5 kb. BMJ-J gene ampJificalion (3- to 7- fold) was delected in 
4 of 36 (1 J%) MCLs (Fig. J). The amplifications were confirmed with 
both restriction enzymes. The amplified MCLs were two bJastoid and 
two typical variants. No amplifications were observed in any of the 
solid tumors when compared with their respective matched non- 
neoplastic mucosa. No BMJ-J gene rearrangements were observed in 
any of the samples examined. 

BMJ-J mRNA Expression. To determine the BMJ-1 expression 
pattern in NHL we analyzed BMl- J mRNA levels by real-time quan- 
titative RT-PCR in 67 lymphomas (10 CLLs, 27 MCLs, 8 FLs, and 22 
LCLs), including the four tumors with gene amplification. A distinct 
BMJ- 1 mRNA expression pallern was observed in the different types 
of lymphomas (Fig. 2; Kruskal- Wallis Test; P < 0.001). The BMl 
mRNA levels in CLLs (mean, 2.2 RU; SO, J.3) and MCLs with no 
BMJ-J gene amplification (mean, 2.5 RU; SD, 2.3) were significantly 
higher than in FLs (mean, 0.9 RU; SD, 0.8) and LCLs (mean, 0.6 RU; 
SD, 0.4; Mann- Whitney nonparametric V test; P < 0.01). The 4 
MCLs with BMJ-J gene amplification showed significantly higher 
levels of expression than all other groups of tumors (mean, 5.1 RU; 
SD, 1.6; P < 0.005). In addition, five typical MCLs with no structural 
alterations of the gene also showed very* high levels of BMl- 1 mRNA 
cxpicssion ranging from 4 to 9.8 RU, similar lo cases with eene 
amplification (Fig. 2,4). 

BMJ-J Protein Expression. BMJ-J protein expression was exam- : 
ined by Western blot in 31 minors (7 CLLs; 12 MCLs. including two I 
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t^ses with BMJ-J gene amplification and 4 cases with mRNA over- 
expression and no structural alteration of the gene; 8 JTLs, and 4 LCLs) 
in which additional frozen tissue was available. The monoclonal 
antibody against BMJ-1 detected three closely migrating proteins of 
M r 45,000-48,000 (2). The two more slowly migrating bands prob- 
ably represent phosphoryJated isoforros of the protein (12). The two 
MCLs with gene amplification and three of four cases with mRNA 
overexpression without amplification of the gene showed very high 
levels of protein expression. The remaining MCLs and CLLs showed 
intermediate levels of protein expression, whereas low- or no-expres- 
sion signals were detected in the LCLs and FLs included in the study 
(Fig. 3). These results indicate that BMJ-J protein expression in NHL 
is concordant with the mRNA levels observed by real-time quantita- 
tive RT-PCR. . 

Relationship between BMJ-1 and p!6 ,NK4a Gene Alterations. 
The JNK4a/ARF locus has been recently identified as a downstream 
target of the transcriptional repressing activity of the BMJ-J gene, 
suggesting that this gene may contribute to . human neoplasias with 
wild type JNK4/ARF (5). Most of the lymphoproliferative disorders 
analyzed in the present study, including the four cases with BMJ-J 
gene amplification, had been previously examined for p53 gene mu- 
tations and JNK4a/ARF locus alterations, including gene deletions, 
mutations, hypermethylation, and expression (13, 14). The four MCLs 
with BMJ-J gene amplification and mRNA overexpression and the. 
five tumors, with BMl- J mRNA overexpression with no structural 
alterations of the gene showed a wild-type configuration of the 
JNK4a/AJlF locus (13). However, one case with BMJ-J gene ampli- 
fication and one case with mRNA overexpression with no alteration of 
the gene showed p53 gene mutations associated with allelic deletions. 

To determine the possible relationship between BMJ-1 and 
p]6 wK4» mRNA expression, p]6 JNK4a mRNA levels were evaluated 
by reaMime quantitative RT-PCR in 50 rumors (10 CLLs, 27 MCLs. 
and 13 LCLs), including 6 cases with alterations in the JNX4a/ARF 
locus (2 MCLs and 1 LCL with P J6 1>tK4 * gene deletion, 2 LCLs with 
pJ6 promoter hypermethylaiion, and I CLL with /?/tf JNK4a gene 
mutation), and the 4 lymphomas with BMJ* J amplification. Negative 
or negligible levels of p^ 1 ^ 43 were observed in the 6 rumors with 
JNK4a/ARF locus alterations. These cases were not included in the 
comparisons between BMJ-1 and pl6 ]NK4a mRNA expression. The 
pl6 INK4a expression levels were relatively similar in the different 
types of tumors. Only LCLs tended to have lower levels of expression, 
but the differences did not reach statistical significance (Fig. 2B). No 
differences were observed in the p]6 INK4a mRNA levels between 
tumors with BMJ-J gene amplification and overexpression and lym- 
phomas with germline configuration of the gene. 



CLL MCL MCL* LCL FL 




Fig. I. Sourbcm bloi anaty.si* of BMJ-J gene Foui MCLs (AtCL+) showed BML) gene 
mptilitraiion {3- to 7-foid) i-onir-a^d w-lth non- neoplastic iljsucs {A') and other NHLs! No 
niptihcations 01 ecne rcananf cmmi*. were dctcrtcd in the remaining NHLs and carri- 
omas included in the irodv. 
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Fig. 2. A y quantitative BMI-I roRNA transcript analysis (median and range) using 
reaMiroe RT-PCR in a series of NHLs. MCLs with BM-) gene amplification (MCL*) 
revealed significantly higher overall BMM roRNA levels than all other types of NHLs, 
including MCLs with no structural alterations of the gene {P < 0.005). MCLs and CLLs 
expressed significantly higher levels than FLs and LCLs (P < 0.00J). Results are depicted 
as tbe ratio of absolute BMMrCADPH mRNA transcript numbers (RU). Bars* SD. B r 
quantitative p)6 INK ** mRNA transcript analysis (median and range) using reaMiroc 
KT-PCR in a series of NHLs. Expression levels were relatively similar in the different 
types of rumors. Results are depicted as the ratio of absolute pl6 ,NK,u :GADPH mRNA 
transrripi numbers (RU). Bars, SD. 



Discussion 

)n I be present study, we have examined a large series of human 
tumors for the presence of gene alterations and mRMA expression of 
tbe BMJ-J gene. Gene amplification was identified in four MCLs. 
These tumors showed significantly higher levels of mRNA and pro- 
tein expression compared with other lymphomas with BMJ-J in germ- 
line configuration. BMM expression levels were also highly up- 
rcgulated in a subset of MCLs with no apparent structural alterations 
of the gene. No alterations were detected in any of the different types 
of carcinomas included in the study. BMJ-J is considered an oncogene 
belonging to the Polycomb gioup family of genes. These proteins 
mainly act as transcriptional regulators, controlling specific target 
genes involved in development, cell differentiation, proliferation, and 
senescence. Different studies have shown the implication of BfvlM 
over ex press ion in the development of lymphomas in murine and 
feline animal models (3. 4). Tbe findings of the present study indicate 
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for the first time that BMJ-J gene alterations in hitman neoplasms are 
. an uncommon phenomenon, but they seem to occur mainly in a subset 
of NHLs, particularly of mantle cell type. 

The human BMJ-J gene has been mapped to chromosome J0pJ3_ 
High-level DNA amplifications and gains in this region have been 
identified by comparative genomic hybridization in occasional solid 
tumors and NHLs (10. 1J). Different chromosomal translocations 
involving the 10pl3 region have also been identified in infant leuke- 
mias and T cell lympboproJiferative disorders (7, 8, 15). Most acute 
leukemias with this chromosomal alteration occur in children <I2 
months of age, whereas it seems to be extremely rare in adults. JOp 
translocations in T-cell lymphoproliferative disorders have been ob- 
served mainly in adult T cell leukemia/lymphomas. and occasional 
cutaneous T cell lymphomas. Jn our study, we did not observe BMJ-J 
. rearrangements or amplifications in any of the acute leukemias or T 
cell lymphomas. However, all of the acute leukemias in this study 
■ were diagnosed in patients over 1 6 years, and no adult T cell leuke- 
mia/lymphomas or cutaneous lymphomas could be included in the 
series. Similarly, high-level DNA amplifications at the 1 Op 13 region 
have been detected in head and neck carcinomas and other solid 
tumors. Although we found no. evidence for BMJ-J gene rearrange- 
ments or amplifications in a substantial set of carcinomas, this does 
not exclude the possibility of increased gene expression or protein 
levels in these rumors. Additional studies are required to elucidate the 
possible involvement of BMJ-J in these particular groups of human 
neoplasms. 

Jn human hematopoietic cells, BM1-1 is preferentially expressed in 
primitive CD34+ bone marrow cells, whereas it is negative or very 
low in more mature CD34— cells (16). Jn peripheral lymphocytes, and 
particularly in follicular B cells, BMJ-1 protein expression has been 
detected in resting cells of the mantle zone, whereas it is down- 
regulated in proliferating germinal center cells ( 1 7, 1 8). These obser- 
vations indicate that BM1-1 expression in normal hematopoietic cells 
is tightly regulated in relation with cell differentiation in bone marrow 
and antigen-specific response in peripheral lymphocytes. BMI-I ex- 
pression in human rumors has not been examined previously. In this 
study, we have demonstrated thai BMJ- 1 mRNA and protein expres- 
sion show a distinct pattern in different types of lymphomas. Thus, 
BM1- 1 levels were low in LCLs and FLs and significantly higher in 
MCLs and CLLs. These findings suggest that BM1-1 expression 
patterns in B cell lymphomas maintain in part the expression profile 
of their normal cell counterparts; because FLs and at least a subgroup 
of LCLs are considered lymphomas derived from follicular germinal 
center cells, whereas MCLs and CLLs are rumors mainly derived from . 
naive pregcrminal center cells. However, the four MCLs with BMJ-J 
gene amplification expressed significantly higher mRNA levels than 
all other tumors. In addition, five MCLs with no structural alterations' 
of the gene showed high mRNA levels similar to those observed in 
himors with BMl-J gene amplification, suggesting that other mecha- 
nisms may be involved in up- regulation of the gene in these lympho- 
mas. Different studies using animal models have shown a dose- 
dependent effect of BMJ-J gene expression on skeleton development 
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and lymphomagcnesis (1. 3). These observations suggest that the high 
mRNA and protein levels detected in a subset of MCLs may play a 
role in the pathogenesis of these neoplasms. 

Recent studies have identified the JNK4/ARF locus as a down- 
stream target of the BMI- 1 transcriptional repressor activity, suggest- 
ing that BMI-1 overexpression may contribute to human neoplasias 
that retain the wild-type }NK4a/ARF locus (5). Interestingly, in out 
study, BMJ-J amplification and overexpression appeared in rumors 
with no alterations in p)&*** 4 * and pJ4 AKr genes. However, we could 
not detect differences in the expression levels of p}6 T ^ K4h in tumors 
with arid without BMJ-J gene alterations. The reasons for this apparent 
discrepancy with experimental observations are not clear. One possi- 
bility may be that genes other than JNK4a/AJtF are the main targets of 
BMM repressor activity in these tumors. Particularly, different genes 
of the HOX family are regulated by BMM and may also be involved 
in lymphomagenesis (19, 20). ; 

In conclusion, the findings of this study indicate that BMJ-J gene 
expression is differentially regulated in B cell lymphomas. Alterations 
of the gene seem to be an uncommon phenomenon in human neo- 
plasms, but tbey may contribute to the pathogenesis in a subset of 
MCLs. Although, BMJ-J gene alterations occurred in tumors with 
wild-type lNK4a/ABF locus, the possible cooperation between these 
genes and the oncogenic mechanisms of BMI-1 in human neoplasms 
require additional analysis. 
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Histopathology h insufficient to predict disease progression and clinical outcome in lung adeno- 
carcinoma. Here we show that gene-expression profiles based on microarray analysis can be 
used to predict patient survival in early-stage lung adenocarcinomas. Genes most related to sur- 
vival were identified with univariate Cox analysis. Using either two equivalent but independent 
training and testing sets, or 'leave-one-out* cross-validation analysis with all tumors, a risk index 
based on the top 50 genes identified low-risk and high risk stage I lung adenocarcinomas, which 
differed significantly with respect to survival. This risk index was then validated using an inde- 
pendent sample of lung adenocarcinomas that predicted high- and low-risk groups. This index 
included genes not previously associated with survival. The identification of a set of genes that 
predict survival in early-stage lung adenocarcinoma allows delineation of a high-risk group that 
may benefit from adjuvant therapy. 



Lung cancer remains the leading cause of cancer death in indus- 
trialized countries. Most patients with non-smalJ cell lung can- 
cel (NSCLC) piesent with advanced disease, and despite recent 
advances in multi-modality therapy, the overall 10-yeai survival 
rate remains a dismal 8-30%\ However, a significant minority of 
patients (-25-30%) with NSCLC have stage I disease and receive 
surgical intervention alone. Although 35-50% of patients with 
stage I disease will relapse within 5 years 2 **, it is not currently 
possible to identify specific high-risk patients. 

Adenocarcinoma is currently the predominant histological 
subtype of NSCLC (rels. 1,5,6). Although morphological assess- 
ment of lung carcinomas can roughly stratify patients, there is a 
need to identify patients at high risk for recurrent or metastatic 
disease. Preoperative variables that affect survival of patients 
with NSCLC have been identified 7 "' 0 . Tumor si2e, vascular inva- 
sion, poor differentiation, high lumor-proliferatrve index and 
several genetic alterations, including K-ras {jets. 11,12) and p53 
(refs.. 50,13) mutations, have prognostic significance. Multiple 
independently assessed genes or gene products have also been 
investigated to bcttei predict patient prognosis in iung can- 
cel"*'*. Technologies that simultaneously analyze the expression 
of thousands of genes 1 * can be used to correlate gene- ex pi ess ion 
patterns with numerous clinical paiameteis — including patient 
outcome— to better piedict tumor behavior in individual pa- 
tients 70 - Analyses of lung cancers using array technologies have 
identified subgroups uf tumors thai differ according to tumor 
type and histological subclasses and, to a lesser extent, survival 
among adenocarcinoma patients 7 '". Here we correlated gene- 
ex pi essi on profiles wit It clinical outcome in a cohort of patients 
with lung adenocarcinoma and identified specific genes that 



predict survival among patients with stage 1 disease. For further 
validation, we also show that the risk index predicted survival in 
an independent cohort of stage I lung adenocarcinomas. 

Hierarchical profile clustering yields three tumor subsets 
Using oligonucleotide arrays, we generated gene-expiession pro- 
files for 86 primary lung adenocarcinomas, including 67 stage 1 
and 19 stage 111 tumors, as-well as 10 non-neoplastic lung sam- 
ples. Selected sample replicates showed high correlation among 
coefficients and reliable reproducibility. We determined tran- 
script abundance using a custom algorithm and the data set was 
trimmed of genes expressed at extremely low levels, that is, 
genes weje excluded if the measure of theii 75th percentile value 
was less than 100. Although potentially resulting in the loss of 
some information, trimming in this manner decreased the possi- 
bility that the clustering algorithm would be strongly influenced 
by genes with little or no expression in these samples. 
Hierarchical clustering with the resulting 4,966 genes yielded 3 
clusters of tumors (Fig. 1). AH 10 non-nebplastic samples clus- 
tered tightly together within Cluster I (data not shown). We ex- 
amined the relationships between cluster and patient and tumor 
characteristics (Fig. 1 and Supplementary Figure A online). There 
were associations between cluster and stage [P = 0.030) and be- 
tween cluster and differentiation (P- 0.03). Cluster 1 contained o 
the greatest percentage (42.8%) of well differentiated tumors, 
I oil owed by Ouster 2 (27%) and Cluster 3 (4.7%). Cluster 3 con- 
tained the highest percentage of both poorly diffeientiated 
(47.6%) and jtage III tumors (42.8%), yet contained 3 (14.3%) 
moderately differentiated and } (5%) well diMeienliated stage I 
tumor. Notably. 1 J stage 1 tumors were present in Cluster 3, stig- 
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gesting a common gene-expression profile for 
this subset of stage I and stage HI rumors. . 

For patients with stage I and stage HI tumors, 
the average ages were 68.1 and 64.5 years and 
the percentage of smokers was 88.9% and 
89.5%, respectively. Marginally significant as- 
sociations between cluster and smoking his- 
tory were observed {P - 0.06). A significant 
relationship between histopathologicaJ classifi- 
cation and cluster was only discernable for 
bionchioloalveolar adenocarcinomas {BAs), 
which were only present in Clusters 1 and 2 
(P = 0.0055) and comprised 35.7% and 12.3% 
of tumors for Clusters 1 and 2, respectively. — 

We examined the heterogeneity in gene-ex- 
pression profiles based on the trimmed data. set among normal 
lung samples and stage 1 and stage 111 adenocarcinomas by calcu- 
lating correlation coefficients between all pairs of samples. In 
contrast to normal lung samples that displayed highly similar 
gene- expression profiles (median correlation, 0.9), both stage I 
and 111 lung tumors demonstrated much greater heterogeneity in 
their expression profiles with lower correlation coefficients (me- 
dian values, 0.82 and 0.79, respectively). 

Northern-blot and immunohistochemistry analyses 
Of the 4,966 genes examined, 967 differed significantly between 
stage I and II) adenocarcinomas; a number in excess of that ex- 
pected by chance alone (248 at alpha level (a) = 0.05). Three 
genes were arbitrarily selected to verify the microairay expression 
data. The mRNA from 20. of the normal lung and tumor samples 
was examined by northern-blot hybridization with probes for in- 
sulin-like growth factor-binding protein 3 {iGFBPZ), cystatin C 
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Fig. 1 Unsupervised classification analysis of lung adenocarcinomas. 3 classes of tumors identi- 
fied by agglomerauVe hierarchical clustering of gene- expression profiles using the 4 ; 966 expressed 
genes. Patient and histopathologkal information for each lung adenocarcinoma case by cluster 
designation and methods for K-ros 12/1 3th-codon mutational status and nuclear p53 protein ac- 
cumulation are provided (Supplementary Figure A online). TN classification denotes information 
regarding patient tumor size and nodal involvement. Associations between cluster membership 
and patient or histopathological variables are indicated at significance level (Pi 0.05). 



arid lactate dehydrogenase A {LDH-A) (Fig. 2a). Two gene probes 
not represented on the microarrays were used as controls, includ- 
ing bistone H4, a potential index of overall cell proliferation, and 
28S ribosomal RhfA, a control for sample loading and transfer. 
The relative amounts of 1GFBP3, cystatin C and LDH-A mRNA 
strongly correlated with microairay- based measurements (Fig. 
2b). In both assays, JGPBP3 and IDH-A mRNA levels increased 
from stage J to stage HI adenocarcinomas and were higher than 
those in normal lung. Cystatin C mRNA levels were more variable 
but relatively greater in normal lung than tumors. These results 
suggest that the oligonucleotide microarrays provided reliable 
measures of gene expression. The tumors showed slightly greater 
hist one H4 expression than the normal lung, likely reflecting in- 
creased proliferation of tumor cells. 

Immunohistochemistry was performed for 1GFBP3, cystatin C 
and HSP-70 to determine whether mRNA over expression was re- 
flected by an increase of their conesponding proteins in tumors. 
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lig. 2 Validation analyses of gene- expres- 
sion pioliling. ii, Northern-blot analysis ot 
selected candidate genes for verification- ol 
data obtained from oligonucleotide arrays. 
The same sample RNA tor the 4 uninvoived 
lung, 8 stage I and 8 stage lit tumois was 

used for the northern-blot and oligonucleotide array analyses. 
b, Conelaiion analysis of quantitative data obtained tiom oligonucleotide 
an ays and northern blots measuied by integrated phosphorin-^ager-b^^ed 
signals 'lor the ICfBP3 and IDH-A genes, "the ratio ol lGf8P3, cystatin C 
and IDlt A mRNA to ?8$ rRNA was determined. The relative value; tor 
each gene trom each sample are shown, n, non- neoplastic normal lung; 
1, stage ) tumors; 3, stage IH tumors, t, Imrnunohislochemit al analysis ot 
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with piominent apical staining (blue reattant staining, arrow, upper left). 
DiHuse cytoplasmic HSP-70 immunoieat tivity (lumoi l?7), yet stromal el- 
ements show no reactivity (upper right). Noimal tung parenchyma (lower 
lelt) shows cytoplasmic .cystatin C imrnunoreac tivity in alveolar pneumo- 
( ytes (arrow) and intra- alveolar macrophages but tumor (L90) shows dif- 
fuse cytoplasmic cystatin C immunoreaclivily v.tth piominent apical 
staining (lower right). Magnification, >?00 
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Immunol eactiviiy for both JGFDP-3 and HSP-70 (Fig. 2c) was de- 
tected in the cytoplasm of the adenocarcinomas, with little de- 
tectable reactivity in the stromal or inflammatory cells. Cystatin 
C was detected in alveolar pneumocytes and intra-alveoJar 
macrophages in non neoplastic lung parenchyma and also con- 
sistently in the cytoplasm of neoplastic cells. 

Gene- expression profiles pi edict survival 

As expected, Kaplan-Meier survival curves {Fig. 3a) and log-rank 
tests indicated poorer survival among stage 111 compaied with 
stage 1 adenocarcinomas [P = <0.000J). Two statistical ap- 
proaches were used to determine whether gene-expression pro- 
files could piedict survival using the data set of 4,966 genes. In 
one approach, equal numbers, of randomly assigned stage I and 
stage III tumors constituted training (n = 43) and testing (/; - 43) 
sets. In the training set, the top 10, 20, 60 or 75 genes were used 
to create risk indices that were evaluated for their association 
with survival using the SOth, 60ih or 70th percentile cutoff 
points to categorize patients into high oi Jow groups. The results 
wrre similar across cut oil points but the SO -gene risk index had 
the best ove/nll association wjib survival in the training set. 



Fig. 3 Gene- expression profiles and patient survival, a. Relationship be- 
tween tumor stage and patient survival (stage 1 and stage 3 differ signifi- 
cantly, P< 0.0001). b, Relationship between the survival. in the 43 test 
samples and their risk assignments based on the 50-gene risk index esti- 
mated in the 43 training samples. The high- and low-risk groups differ sig- 
nificantly {P- 0.024). c, Relationship between patient survival and the risk 
assignments in test samples (in b) conditional for tumor stage. The high- 
and low-risk stage I groups differ significantly (/*= 0.028), whereas stage HI 
low- and high-risk groups did not (P= 0.634). <f. Relationship between sur- 
vival in the test cases and their risk assignments based on the. 86 leave- one- 
out' cross-validation of the 50-gene risk index. The high- and low- risk 
groups differ significantly (/> = 0.0006). e. Relationship between test case's 
risk assignment and survival (in d) conditional on tumor stage. The high- 
and low-risk stage I lung adenocarcinoma groups differ significantly from 
each other {P = 0.003), whereas low- and high-risk stage HI tumors do not. 
//Relationship between tumor class identified by hierarchical clustering and 
patient survival. Survival for patients in Cluster 3 differed relative to the tu- 
mors in Cluster 2{P= 0.037) and approached significance for Cluster 1 and 
2 combined (P= 0.06). g, Analysis of the Michigan- based risk index vsin^ 
top cross-validated survival genes identify a low- and high-risk group in an 
independent cohort of B4 Massachusetts- based lung adenocarcinomas that 
are significantly different (P= 0.003). h, Among the 62 stage I lung adeno- 
carcinomas in the Massachusetts sample, the high- and low-risk groups dif- 
fered significantly (P= 0.006). 



After conservatively choosing the 60th percentile cutoff point 
from the training set, we then applied this risk index and cutoff 
point to the testing set. The risk index of the top 50 genes cor- 
rectly identified low- and high-risk individuals within the inde- 
pendent testing set (P = 0.024) (Fig. 3b and Supplementary 
Methods online). Notably, 11 stage 1 tumors were included in 
the high-risk subgroup. When this risk assignment was then 
conditionally examined for stage progression (Fig. 3c), low- and 
high-risk groups among stage I tumors were found to differ (P = 
0.028) in their survival. 

• Identification of a robust set of survival genes 
Although predictive of patient survival, a single training-testing 
set may not provide the most robust set of genes due to random 
sampling issues. Therefore, a 'leave-one-out' cross-validation ap- 
proach was used to identify genes associated with survival from 
all 86-tumor samples. We first developed a 50-gene risk index in 
each training set, and then applied the risk index to the test case 
held out from the full set of tumors and assigned the held out 
tumor to the high- or low-risk groups (Fig. 3d). The high and 
low-risk subgroups determined in the test cases differed signifi- 
cantly in their overall survival [P = 0.0006). Among the larger 
group of stage I Jung adenocarcinomas, the low- risk (n ± 46) and 
high-risk (« = 23) groups had markedly different survival (P = 
0.003) (Fig. 3e). Table ] lists selected examples of the cumulative 
top ]00 genes derived horn this cross-validation procedure 
(complete list in Supplementary Table A online). 

li wns also noted that many of the stage 1 patients in the high- 
risk subgroup (Tig. 3c) were present in Cluster 3 (Fig. 1). 
Kaplan-Merer analysis (Fig. 3f) demonstrated a significantly 
worse survival [P = 0.037) lor patients in Cluster 3 relative to pa- 
tients in Cluster 2 and approaching significance for Cluster 1 
and 2 combined [P = 0.06). This further indicates the important 
relationship between gene- expression profiles and patient sur- 
vival, independent of disease stage. 

Consistent with previous analyses of lung adenocarcinomas", 
40% of stage I and 57 S% of stage III tumors had ] 2th or )3th 
codon K-riJs gene mutations. Those patients v*ith tumors con 
mining K-i^s mutations showed a trend of poorer survival, but 



818 



NAlUKI Mtl.MOMI - VOIUMI 8 - NW.IBiRB * AUCUH ?00? 



Table 1 Selected examples of the top 100 genes from cross-validation 



Gene name P % P 

(normal versus ■. Change in tumor (stage I versus 
tumor t-test) stage III Mest) 



CASP4 



P63 



036 



9.73E-04 



-6% 
37% 



0.02 
0.03 



% Change in 
stage III 



57% 
43% 



Coefficient 



0.0022 
0.0010 



KR77 
LAMB! 

BMP 2 
CDC6 

5100P 
SERPINE1 

STX1A 

ADM 

AKAP 12 

ARHE 

CRB7 

VECf 

WNT10B 



H5PA8 

ERBB2 
FXYD3 
SLC20A1 



C5TB 

CISL 

CYP24 

FU73 

MLN64 
PDE7A 
PLCL 
5EC1A6 



COPEB 
CRK 

RE LA 



K1AA0005 
MCB1 



B.02E-08 
0.14 

0.54 
1.31 E-05 

2.10E-08 
2.89E-03 

8.65E-08 

0.05 
8:53E-03 

0.06 
2.02E-03 
6.50E-08 

0.05 



0.36 

0.04 
0.10 
1.34E-03 



1.57E-04 

0.48 
3.161-06 

1.071-07 

0.?0 
0.12 
0.04 
0.07 



0.10 
0.10 

0.26 



2.711-04 

0.27 



126% 
-20% 

-21% 
1070% 

1572% 
72% 

54% 

39% 
-47% 
-39% 

38% 
174% 

31%' 



8% 

92% 
111% 

58% 



50% 
-10% 
N/A 

114% 

32% 
33% 
-68% 
-32% 



-33% 
32% 

-7% 



40% 
125% 



0.11 
0.01 

0.27 
0.05 

0.19 
0.25 

0.07 

0.04 
0.05 
0.05 
0.63 
0.02 
0.48 



9,01 E-04 

0.37 
0.31 
0.02 



0.15 
0.03 
0.97 

0.97 

0.42 
0.01 
0.35 
0.12 



0.26 
0.03 

0.01 



0.02 
0.33 



55% 
60% 

47% 
148% 

77% 
30% 

26% 

117% 
214%. 
87% 
15% 
85% 
20% 



51% 

120% 

73% 

66% 



34% 
67% 
2% 

-1% 

80% 
-35% 
-170% 

86% 



25% 
48% 

70% 



45% 
459% 



0.0003 
0.0027 

0.0044 
0.0124 

0.0001 
0.0008 

0.0031 

0.0016 
0.0010 
0.0092 
0.0030 
0.001 3 
0.0022 



0.0008 

0.0013 
0.0046 
0.0021 



0.0001 
0.0007 
0.0008 

0.0033 

0.0007 
-0.0187 
-0.001 1 
00069 



0.0016 

0.0098 

0.0034 



0.0010 
0.0018 



Unigene comment 



Apoptosis-related 
Caspase 4, apoptosts- 

related cysteine protease 
. Transmembrane protein (63 kD), 

endoplasmic reticulum/ 

Golgi intermediate compartment 

Cell adhesion and structure 
Keratin 7 
Laminin, pi 

Cell cycle and growth regulators 
Bone morphogenetic protein 2 
CDC6 (cell division cycle 6, 

Socchpromyces cerevhioe homolog) 
SI 00 calcium- binding protein P 
Serine (or cysteine) proteinase inhibitor/ 

clade E {nexin). . . 
Syntaxin 1A (brain) 

Celt signaling 
adrenomedullin 

A kinase (PRKA) anchor, protein (gravin) 12 
ras homolog gene family, member E 
Growth factor receptor-bound protein 7 
Vascular endothelial growth factor 
Wingless- type MMTV integration site family, 
member 1 0B 

Chaperones 

Heat-shock 70 kD protein 8 
Receptors 

v-erb-b2 avian erythroblastic leukemia viral 
oncogene homolog 2 
FXYD domain-containing ion transport 

regulator 3 
Solute carrier family 20 (phosphate 

transporter), member 1 

Enzymes, cellular metabolism 
Cystatin B (stefin B) 
Cathepsin I 

Cytochrome P450, subfamily XXtV 

(vitamin p 24 -hydroxylase) 
Fucosyltransf erase 3 (galactos'rde 3(4)- L- 

fucosyltransferase, lewis blood group included) 
Steroidogenic acute regulatory protein related 
Phosphodiesterase 7A 
Plasminogen- like 

Solute carrier family 1 (high-affinity aspartate/ 
glutamale^transporler), member 6 

Transcription and translation 
Core promoter element binding protein 
v-crk avian sarcoma virus O 10 oncogene 
■ homolog 

v-rel avian r etic uIoendothelioMS viral 
oncogene homolog A 

Unknown function 
KIAA0005 gene product 
Marnmaglobin 1 



Bolrfed genej v.ete aljo liqmlit am roi joivivaf in 43 tumor training set {f '*g. 3b). 



Table 1 !>elet ted e>amples ot the cumulative top 100 genes identified using 
tiaining-testing, a oss- validation of aP 86 lung tumor samples, the percent 
change, ai well aj the dire* (ion, lor the average values of the 1 0 non- neoplastic 
lung lo aH tumors, and tor the 67 Mage 1 to ihe 19 stage III tumors are shown. A 
positive coefficient |1 value ii indicative of a relationship ot gene e>pie«.ton to a 



poorer patient outcome, the genes are listed in potential functional categories. 
Genes that weie also present in the top 50 survival genei using the 43- tumor 
1 1 air ting let {Fig. 3fc) are indicated in bold type. Complete listing of the gene 
probe :>els and annotated gene and unigene identifier can be lound in the 
Siipplemmtary Methods. 
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Fig. 4 Gene expression patterns of top survival genes a, Gene- expression patterns de- 
termined using aggtomerative hierarchical clustering of the 86 King adenocarcinomas 
against the 100 survival-ielated genes (Table 1) identified by the training-testing, cross- 
validation analysis. Substantially elevated (fed) or decreased (g'fr/>) expression of the 
genes is observed in individual lurnors. Some tumors (bfacA arrow and expanded aiea) 
show extremely elevated expression ol specific genes, fc. An outlier gpne e>ptession pat- 
tern (>S times the interquartile range among all samples) h observed tor the p/bB2 and 
WrrjlA genes (top left and right, respectively). The 5 1 PCM and <rk grnes (bottom left and 
right, jeipet lively) show a graded pattern ol expression rc-lalni to patient survival. O, 
alive; dead (also in c), <, The number ot outliers pri perjon identified in the top 100 
ge nes plotted bv survival distribution. 
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this difference did not reach statistical significance among all 
patients (P= 0.25), between patients within tumor clusters {P = 

. 0.41) or when analyzed separately among stage I {P = 0.22) and 
stage U\\P- 0.53) patients. Nuclear accumulation of p53 was de- 
tected in 17.9% stage I and in 22.2% stage 111 tumors. No signifi- 

. cant relationship was observed for p53 staining and patient 
survival, cluster or tumor stage. 

Confirmation using an independent set of adenocarcinomas 
The robustness of our 50-gene risk index in predicting survival in 
lung adenocarcinomas was tested using oligonucleotide gene-ex- 
piession data Obtained from a completely independent 
(Massachusetts-based) sample of 84 lung adenocarcinomas (62 
stage 1, 14 stage 1) and 8 stage III; ref. 21, and dataset A at 
www.genome.wi.mit.edu/MPR/lung). To ensure equivalent 
power for testing and comparability of samples, the criteria for 
including tumors in the analysis were 4Q% or greater tumor cellu- 
larity, no mixed histology (that is, adenosquamous) and patient 
survival information. To obtain comparative gene- expression 
measures between the two data sets, gene sequences present on 
the U95A and HuGeneFL array were examined, and expression 
data for our top 50 cross- validation genes for all 84 Massachusetts 
samples were obtained and processed 24 (see also Supplementary 
Methods online ). When we examined the risk assignment of 
these 84 samples, employing the identical cutoff point used for 
the 86 Michigan- based lung samples, we observed low- and high- 
risk groups (Fig. 3# P - 0.003). Notably, among the 62 stage 1 tu- 
mors, high- and low-risk groups were observed that differed 
significantly (P = 0.006) in their survival (Fig. 3h).. 

Survival genes had graded and outlier expression patterns 

A statistical and graphical analysis of the 100 survival-related 



genes (Table 1) clustered against all 86 tumors revealed individ- 
ual tumors with substantially elevated expression in both a lim- 
ited and larger number of genes (Fig. 4 a). Among these genes, we 
observed two distinct patterns of expression related to patient 
survival. One pattern, designated 'outlier', included gepes show- 
ing substantially elevated expression (greater than five times the 
interquartile range among all samples), whereas the other pat- 
tern, designated 'graded', was characterized by continuously dis- 
tributed expression with patient survival (Fig. 4b). The erbh2 and 
Reg} A genes are examples of outlier expression patterns and 
5 J OOF and a* genes of graded patterns. The number of outliers 
per person in the lop 100 genes was identified and plotted ac- 
cording to survival times and events (Fig. 4c). Both stage I and 
stage 111 lung adenocarcinomas showed outlier gene patterns 
and 10 tumors contained 3 or more outlier genes. 

Because gene ampliiication may result in increased gene ex- 
pression, the nine genes with outlier expression patterns (ttbftl, 
SICJA6, Wnt 1, MGB1, KejlA, AKAPM, PACE, CYP24, KYNU) 
and one gene with a graded expression pattern (KJ?718) were ex- 
amined using quantitative genomic PCR to evaluate genomic 
copy number (Fig. 5a). Gene amplification of erbBZ (17ql2) was 
detected in tumor L94, which had the highest erbWl mKNA ex- 
pression (Fig. 4a). Gene amplification was not detected for any 
of the other seven tested genes in tumor L94, as well as in other 
tumors. The two genes most frequently demonstrating the out- 
lier pattern in these lung adenocarcinomas were KYNU and 
CYP24, and were present in. 10 and 9 tumors,- respectively. 
CKP24 has been described as a gene amplified and overexpressed 
in breast cancer", and these results indicate elevated expression 
in lung adenocaicinoma. 

To determine whether the graded or outlier gene- expression 
patterns also occur at the protein- expression level, 10 of the 100 



a 



GAPDH 




REG1 A ; 






lig. 5 Gene amplification and protein expression of surv'rval- related genes, 
o, Analysis ol potential gene ampliiication for 9 genes showing outlier expf es- 
lion patterns in (be lung tumors (e/fcB?, SIC1A6, Wnt 1, MG8^, RegIA, 
AKAP^ 2, PACt, CYP24 and KYNlf) and examined using quantitative genomic 
PCR. A gene showing graded expression pattern (KRT\8}, and one gene 
(PAC£4) with a similar chromosome lo( alion as PACl, were used as controls. 
Only frfaB? and tfeolA are shown. An esophageal adenocarcinoma with 
known high- level genomic amplification ol erbR? wai used as a positive con- 
trol and normal esophagus DNA was usrd as a negative tonliol (Cll). PCR 
fragments sizes were 343 bp for CAPON, 166 bp for erbB? and 126 bp for 



Reg^A. DNA is tiom norma) lung (N) and tumor(T} horn each patient (lor e>- 
ample 137). 6, Immunohis toe hemic al analysis ot survival related genes with 
lung adenocarcinoma mic roar rays using the lumors. from this' study. 'I he 
transmembrane erbB? protein (top lelt) e>pression is substantially increased 
in tumor 194 containing the amplified etbB2 gene (fig. 4o and fa), Expression 
ol VtCI (top fight) and SI OOP (bottom left) was located within the neoplas- 
tic cells and the pattern of immunoreactivity was consistent with the graded 
expression pattern demonstrated by their mRNA profiles, txpression of the 
oncogene ak (bottom right) was abundantly expressed in neoplastic lunrj 
cells. Magnification, x-tOO (eibB?); x?00(VtG(, 5) OOP and crk). 
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top survival genes (Table 1) for which specific antibodies weje 
available were chosen for immunohistochemical analysis using 
lung-tumor aiiays from this study (Fig. 5b). Expression of mem- 
brane erbB2 pjotein was substantially increased in the erbB2-am- 
plified tumor L94 and very low levels of expression were present 
in other tumors, consistent with mKNA-expression measure- 
ments (Fig. 4a and b). CDC6 protein expression was also sub- 
stantially higher in tumor L94; consistent with mRNA levels 
(data not shown). Expression of vascular endothelial growth fac- 
tor (VEGF) and St OOP (Fig. Sb\ as well as cy tokeratin 1 8 (KRT1 8), 
■ cy tokeratin 7 (KRT7) and fas-associated death domain (FADD) 
protein (data not shown), was located within the lung tumor 
cells, and consistent with the graded expression pattern of the 
mRNA profiles. The oncogene cr* showed both graded mRNA as 
well as a giaded protein-expression pattern with survival, and 
was abundantly expressed in the tumor cells (Fig. 5fc). These re- 
sults indicate that many survival-associated genes are expressed 
at the protein level and demonstrate similar mRNA and protein- 
expression patterns. 

Discussion 

We used several approaches for the analysis of gene- expression 
data related to clinicopathological variables and patient sur- 
vival. One approach, hierarchical clustering, was used to exam- 
ine similarities among lung adenocarcinomas in their patterns 
of gene expression. Previous studies of lung tumors 21,22 have also 
used this method to describe subclasses of lung tumors. Here, 
we found thiee clusters that showed significant differences with 
respect to tumor stage and tumor differentiation. This suggests, 
as expected, that tumors with similar histological features of 
differentiation demonstrate similarities in gene expression. 
This feature also partly underlies the observed statistical associ- 
ation of tumor stage and cluster, as many of the higher-stage tu- 
mors, often poorly differentiated and previously associated 
with a reduced survival'- 10 , were located in Cluster 3. Although 
this cluster, contained the highest percentage of stage III tu- 
mors, it also contained a nearly equal mixture of stage 1 and 
stage 1)1 tumors and not all tumors were poorly differentiated. 
This indicates that a subset of stage 1 lung adenocarcinomas 
share gene-expression profiles with higher-stage tumors. 
Notably, 30 of the 1 1 stage I tumors found in Cluster 3 were the 
high-risk stage 1 tumors identified using the risk index in the 
'leave-one-out' cross-validation. 

In contrast to previous analyses of Jung adenocarcinomas 7 ' ", 
we validated the expression data from the arrays. The strong cor- 
relation of norlhem-blor analysis and oligonucleotide-array data 
for gene expression in the same samples (Fig. 2b) indicates that 
these studies provide robust gene- expression estimates. 
Immunohistochemistry using the same tumor samples in tissue 
arrays demonstrates protein expression within the lung lumoi 
cells. Together, these studies indicate that many of the genes 
identilied using gene-expression profiles are likely relevant to 
lung adenocarcinoma. For example, JGFBP3 gene expression is 
increased in lung adenocarcinomas (Fig. 2c). IGFBP3 protein 
modulates the autocrine or paracrine effects of insulin-like - 
growth (actors, elevated 1GFBP3 expression is observed in colon 
cancer", and increased serum IGFBP3 is associated with progies 
sion in breast cancer". Heat-shock protein 70 (HSP 70) is in- 
creased in lung adenocarcinomas ol smokers 7 * and is associated 
with increased metastatic potential in breast cancer 7 *. Increased 
serum lactate dehydrogenase is correlated with tumor stage and 
tumor burden 30 , and cystatin C, a cysteine protease inhibitor ex- 



pressed in human lung cancers 31 , is prognostic in some cancers 32 . 
The decreased expression of this protease inhibitor may affect 
the invasive properties of the tumor cell. 

The cross-validation analytical strategy we used is particularly 
informative for these types of gene-expression analyses for dis- 
ease outcome 33,3 *, and identification of cross-validated genes with 
a larger tumor cohort may help refine this i>sk index for use in a 
clinical setting. The gene- expression data also provide opportuni T 
ties to observe overarching patterns that advance our under- 
standing of associations between genes and disease. For example, 
the top 100 survival genes include those involved in signaling, 
cell cycle and growth, transcription, translation and metabolism. 
Expression of many of these genes is likely a function of increased 
proliferation and metabolism in the more aggressive tumors. 
Some genes, such as erbBZ and ReglA (Fig. 4a and b), were highly 
over expressed in a few patients having poor survival. In one 
tumor, the erbBZ gene was amplified (Fig. 5a), demonstrating that 
genomic changes may underlie the over expression of a subset of 
these outlier genes. Immunohistochemistry confirmed protein 
over expression in this patient's tumor (Fig. 5b). Notably, seven of 
the eight outlier genes were not amplified, indicating that other 
mechanisms underlie the increased mRNA expression of these' 
survival -re la ted genes. 

Most genes showed a graded relationship between expression 
and patient survival. Genes such as that encoding VEGF, known 
to be strongly associated with survival in lung cancer 35 * 3 * were 
identified as related to patient survival in our study. VEGF 
demonstrated a graded expression pattern, as did the Si OOP and 
xrk oncogene (Fig. 5b). SI OOP is a calciu unregulated pjotein not 
previously reported in lung cancer. The crk gene, the cellular ho- 
molog of the vcrk oncogene, is a member of a family of adaptor 
proteins, involved in signal transduction and interacts diiectly 
with c-jun N-terminal kinase 1 (JNKX) 37 . Although ak has not 
been shown to have a role lung cancer, its role in the MAP-ki- 
nase pathway, which leads to activation of matrix metallopro- 
teinase secretion and cell invasion 35 , indicates potential 
involvement in the the tumor cell invasion or metastasis of 
some lung adenocarcinomas. Among the many genes identified 
in this study, like crk r that may be causally involved in lung can- 
cer progression (Table 1), some were related to survival in many 
patients, and others in only smaller subsets of patients. This re- 
sult is consistent with the complex molecular architecture of tu- 
mors in general, the heterogeneity of lung adenocarcinomas in 
particular and the multiple mechanisms underlying tumor-cell 
survival, invasion and metastasis 39 . 

Our results demonstrate that a gene-expression risk profile— . 
based, on the genes .most associated with patient survival — can 
distinguish stage 1 lung adenocarcinomas and dillerentiate prog- 
noses. The particular genes that deJine the clusters, or are associ- 
ated wiih survival, likely reflect the characteristics of the 
particular tumors included in the analysis. Current therapy lor 
patients with stage 1 disease usually consists ol surgical resection 
without adjuvant treatment 23 . Clearly, the identification ol a 
high- risk group among patients with stage 1 disease would lead 
to consideration of additional therapeutic intervention lor this 
group, possibly leading to improved survival ol these patients. 

Methods 

Patient population. Sequential patient* seen at the Univriiily ol Michigan 
Hospital between May 1994 and July 2000 \ot Mage I oi stage HI lung ade- 
nocarcinoma were evaluated lor thii itudy. Consent waj ipceived and the 
project was approved by the local Institutional Review Boaid. Primary tu- 
mor? and adjacent noh- neoplastic lung tissue were obtained at the time of 
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surgery.' Peripherar portions of resected long carcinomas were sectioned, 
evaluated by a study pathologist and compared with routine H&E sections 
of the same tumors, and utilized for mRMA isolation. Regions chosen for 
analysis contained a tumor cellularity greater than 70%, no mixed histol- 
ogy, potential metastatic origin, extensive lymphocytic mfBtration or fibro- 
sis. Tumors were histopathologicaDy divided into two categories based on 
their growth pattern: bronchiaJ-derived, if they exhibited invasive features 
with architectural destruction, and bronchioloalveplar, if they exhibited 
preservation of the lung architecture. AH stage I patients received only sur- 
gical lesection with intra thoracic nodal sampling and no other treatments. 
Stage III patients received surgical resection plus chemotherapy and radio- 
therapy. 

Cene- expression profiling and K-/OJ mutation analysis. RNA isolation, 
cRNA synthesis and gene-expression profiling were performed as de- 
scribed 1 *. Details of gene annotation and K-ros mutation analysis are pro- 
vided m supplementary' information. 

Northern-blot analysis. Total cellular RNA (1 0 ug) was separated in 1 .2% 
agarose-formaldehyde gels and vacuum- transferred to Cene Screen Plus 
(NEN Life Science Products, Boston, Massachusetts); Hybridization condi- 
tions and probe labeling were as described*. Individual sequence-validated 
cDNA image clones for human (clone 1407750), IDH-A (clone 

2420241), cyslatin C (CTS3; clone 949938) were from Research Genetics 
(Huntsville, Alabama). The human histone H4 cDNA and the 28S ribosomal 
RNA 26-mer oligonucleotide probe were prepared and labeled as de- 
scribed**. 

Gene-amplification analysis. 1 1 genes were selected tor the analysis of ge- 
nomic alterations. Primers were designed using Primer Select 4.05 Windows 
32 software (DNASTAR, Madison, Wisconsin), avoiding pseudogenes or po- 
tential homologous regions. Forward and reverse primers for the genes are 
provided (Supplementary Methods online). Quantitative genomic-PCR was 
then applied and analyzed as described 4 '. 

Immunohistochemical staining. The HfaE- stained slides ol all primary 
lung tumors were used to identify the most representative regions ol each 
tumor and a tissue microarray 0 M A) block was constructed as described 41 , 
tmmunohistochemistry (1HC) was performed using both routine and sec- 
tions from the T MA block as described 1 *. Detailed methods and the con- 
centrations used tor all antibodies are provided in the Supplementary 
Methods. 

Statistical methods. Mests were used to identity differences in mean gene- 
expression levels between comparison groups. Agglomerative hierarchical 
clustering* 1 was applied using the average linkage method to investigate 
whether there was evidence foi natural groupings of tumor samples based 
on correlations between gene-expression profiles. To investigate the ro- 
bustness of the clustering inference, gene-expression values were per- 
turbed by adding random Gaussian error ot magnitude obtained from a 
duplicate sample to each' data point and then reclustered to determine con- 
cordance in the tumor's class membership. Pearson, x' ar >d fisher's exact 
tests were used to assess whether cluster membership was associated with 
physical and genetic characteristics ol the tumors. 

"to determine whether gene-expression profiles were associated with 
variability in survival times, 2 separate but complementary approaches 
were used, tn the first appioach, the 86 tumors were randomly assigned to 
equivalent naming and testing sets consisting of equal numbers of stage t 
and III tumors in order to validate a novel risk-indp* tunc tion th;>l captured 
the effect of many genes 3t once ; In the second approach, cross- validation" 
was used to more robustly identity the genes associated with survival. 
Briefly, a 'leave- one- out' cross-validation procedure in which 85 ot the 86 
tumors (the training set) was used to identity genes that were univariatety 
associaled with survival. The risk index was defined as a linear combination 
of the gene-expression values tor the top genes identified by univariate Cox 
proportional- hazaid regression modeling**, weighted by their estimated re- 
gression coefficients. Kaplan- Meier survival plots and log- rank tests were 
then used to assess whether the risk- index assignment to high/low c ale- 
go ries was validoleJ in the test set. A more detailed drst ription is provided 
(Supplementary Methods online). 



Note: Supplementary information is ovoitobte on the Nature Medicine website. 
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Rapid quantitation of proinflammatory and cliemoattraclant cytokine 
expression in small tissue samples and monocyte-derived dendritic cells: 
validation of a new real-time RT-PCR technology. 

Blaschke V , Reich K, Blaschke S, Zipprich S , Neumann C . 

Department of Dermatology, von-SieboId-Str. 3, D-3 7075, Goettingen, Germany, 
vb lasch@gwdg! d e 

the analysis of cytokine profiles plays a central part in the characterization of disease- 
related inflammatory pathways and the identification of functional properties of immune 
cell subpopulations. Because tissue biopsy samples are too small to allow the detection of 
cytokine protein, the detection of mRNA by RT-PCR analysis is often used to investigate 
the cytokine milieu in inflammatory lesions. RT-PCR itselfis a qualitative method, 
indicating the presence or absence of specific transcripts. With the use of internal or 
external standards it may also serve as a quantitative method. The most widely accepted 
method is quantitative competitive RT-PCR, based on internal shortened standards. 
Recently, online real-time PCR has been introduced (LightCycler), which allows 
quantitation in less than 30 min. Here, we have tested its use for the analysis of cytokine 
gene expression in different experimental in vitro and ex vivo settings. First, we 
compared quantitative competitive RT-PCR with real-time RT-PCR in the quantitation of 
transcription levels of the CD4(+) cell-specific chemoattractant Interleukin-16 during the 
maturation of monocyte-derived dendritic cells, and found a good correlation between 
both methods. Second, differences in the amounts of IL-16 mRNA in synovial tissue 
from patients with rheumatoid arthritis and osteoarthritis as assessed by real-time RT- 
PCR paralleled differences in the level of IL-16 protein in the synovial fluid. Finally, we 
employed real-time RT-PCR to study the cutaneous expression of several cytokines 
during experimental immunomodulatory therapy of psoriasis by Interleukin-10, and 
demonstrate that the technique is suitable for pharmacogenomic monitoring. In summary, 
real-time RT-PCR is a sensitive and rapid tool for quantifying mRNA expression even 
with small quantities of tissue. The results obtained do not differ from those generated hy 
quantitative competitive RT-PCR. 

Publication Types: 

• Evaluation Studies 
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Buty rate-induced reversal of dexainethasone resistaace in autonomous rat 
Nb2 lymphoma cells. 

Buckley AR , Krumenacker JS . Buckley DJ , Leff MA , Magnusou NS , Rccd JC , 
Miyashita T , deJoug G . Gout PW . 

Department of Pharmacology and Toxicology, University of North Dakota School of 
Medicine and Health Sciences, Grand Forks 58202-9037, USA. 
abuckJey@maiLmedund.nodak.edu 

The parental rat Nb2 lymphoma is a prolactin (PRL)-dependent T cell line. Exposure of a 
PRL-independent subline, Nb2-SFJCD1, to sodium butyrate (NaBT) causes transient 
reversal of their growth factor-independent proliferation in association with constitutive 
expression of protooncogenes pim-1 and c-myc. In the present study, we investigated the 
effect of NaBT treatment on the sensitivity of Nb2-SFJCD1 cells to dexamethasone 
(DEX)-induced apoptosis. Pretreatment with NaBT (2 mM, 72 h) partially reversed 
resistance to apoptosis in Nb2-SFJCDl cells exposed to DEX (100 nM) for 12 h, 
assessed by flow cytometric analyses of ON A fragmentation. However, the cytolytic 
effect of DEX was abrogated by PRL in a time- and concentration-dependent manner. 
Evaluation of apoptosis-associated gene expression in NaBT-pre-treated cultures 
incubated with DEX or DEX+PRL indicated that the apoptosis resistance did not stem 
from altered bcl-2 or bax expression. However, there was a strong correlation between 
• the resistance to DEX-acti vated apoptosis and their enhanced expression of pirn- 1 mRNA 
and protein. The results show that it is possible to reverse DEX-induced apoptosis of Nb2 
pre-T cells and suggest the pim-1 gene product has an important role as a suppressor of 
this process, perhaps functioning as a mediator of PRL action. 
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Alterations iu neuropeptide Y levels and Yl bindiug sites iu the Flinders 
Sensitive Line rats, a genetic animal model of depression. 

Cabet lotto L . Jimenez P, Overstreet DEL Hurd YL , Mathe A A , Fuxe K . 

Department of Neurosci ence, Karolinska Institute, Stockholm, Sweden. 

Previously, we observed specific alterations of neuropeptide Y (NPY) and Yl receptor 
mRNA expression in discrete regions of the Flinders Sensitive Line rats (FSL), an animal 
model of depression. In order to clarify the correlation between mRNA expression and 
protein content, radioimmunoassay and receptor autoradiography were currently 
, performed. In the FSL rats, NPY-like immunoreactivity (NPY-LI) was decreased in the 
hippocampal CA region, while Yl binding sites were increased; NPY-LI was increased 
in the arcuate nucleus. Fluoxetine treatment elevated NPY-LI in the arcuate and anterior 
cingulate cortex and increased Yl binding sites in the medial amygdala and occipital 
cortex in both strains. No differences were found regarding the Y2 binding sites. The 
results demonstrate a good[ correlation between NPY peptide and mRNA expression, and 
sustain the possible involvement of NPY and Yl receptors in depression. 
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Neurokinin 1 receptor and relative abundance of the short and long 
isoforrns in the human brain. 

Caberlotto L , Hurd YL , Murdock P , Wahlin JP , Mclotto S , Corsi M Carletu R . 

Department of Biology, Psychiatry CEDD, GlaxoSmithKline Medicine Research Centre, 
Verona, Italy. Laura. L.Caberlotto@gslccom 

Substance P exerts its various biochemical effects mainly via interactions through 
neurokinin-l receptors (NKl). Recently, the NKl receptor has attracted considerable 
interest for its possible role in a variety of psychiatric disorders including depression and 
anxiety. However, little is known regarding the anatomical distribution of NKl in the 
human central nervous system (CNS). Riboprobe in situ hybridization, quantitative PCR 
and in vitro autoradiography were performed. Highest NK1 mRNA levels were localized 
in the locus coeruleus and ventral striatum, while moderate hybridization signals were 
observed in the cerebral cortex (most abundant in the visual cortex), hippocampus and 
different amygdaloid nuclei. Very low levels of the NKl mRNA were detected in the 
cerebellum and thalamus. In view of the existence of a long and short isoform of the NKl 
receptor, it was of interest to assess whether there was a differential distribution of the 
two splice variants in the human CMS and peripheral tissues. A quantitative TaqMan 
PCR analysis showed that the long NKl isoform was the most prevalent throughout the ' 
human brain, while in peripheral tissues the truncated form was the most represented. 
3H-Substance P. autoradiography revealed a good correlation between receptor binding 
sites and NKl mRNA expression throughout the brain, with the highest levels of binding 
in the locus coeruleus. These results provide the anatomical evidence that the NKl 
receptors have a strong association with neuronal systems relevant to mood regulation 
and stress in the human brain, but do not suggest a region-specific role of the two 
isoforrns in the CNS. 
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Characterization of cyclin D2 expressiou in human endometrium. 

Choj_j>, YoonS, Lee E f Hwang S , Song S. Kim X Yoon BtC Lec JH. 

. Department of Obstetrics and Gynecology, Samsung Medical Center, Sungkyunkwan 
University School of Medicine, Seoul, South Korea. dschoi@smc.samsung.co.kr 

OBJECTIVE: This study was undertaken to investigate cyclin D2 mRNA and protein 
expression in human endometrium during the menstrual cycle. METHODS: Endometrial 
samples were obtained from 15 premenopausal nonpregnant women who had 
hysterectomies for benign gynecologic reasons. They were divided into the following five 
groups according to histologic dating: early proliferative (n - 3), mid to late proliferative 
(n = 3), early secretory (n = 3), mid secretory (n = 3), and late secretory (n = 3). Cyclin 
D2 mRNA and protein expression were analyzed using reverse transcriptase-polymerase 
chain reaction, Western blotting, and immunohistochemistry. RESULTS: Cyclin D2 
mRNA and protein were expressed in human endometrial tissue throughout the menstrual * 
cycle. Cyclin D2 mRNA and protein expression of proliferative phase endometrium were 
significantly higher than those of secretory phase endometrium (P <;05). The staining 
intensity of cyclin D2 in proliferative phase endometrium was higher than that in 
secretory phase (P <.05). Cyclin D2 mRNA level showed good correlation with cyclin 
D2 protein level (R = 0.579, P <03), and cyclin D2 protein also showed good correlation 
with immunohistochemical staining intensity (R = 0.562, P <.03). CONCLUSION: 
Cyclin D2 was expressed in human endometrium throughout the menstrual cycle. Cyclin 
D2 mRNA and protein were expressed at high levels in proliferative phase endometrium, 
especially in the early proliferative phase, and then decreased in the secretory phase. 

PMtD: H 839508 [PubMed - indexed for MEDLINE] 
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Human chorionic gonadotropin beta expression in malignant Barrett's 
oesophagus. 

Couvclard A , Paraf F . Vidaud D . Dubois S . Vidand M Flejou JF , Degott C . 

Service d' Anatomic Pathologique, Hopital Beaujon, 921 18 Clichy cedex, France, 
aime.couvelmd@bjn.ap-hop-paris.fr 

BACKGROUND: Human chorionic gonadotropin beta (hCGbeta) is expressed in 
several non~trophoblastic tumours, and this is usually associated with aggressive 
behaviour. Little is known about hCGbeta expression in Barrels adenocarcinoma. 
MATERIALS AND METHODS: We determined the hCGbeta profile in a large series of 
surgically resected Barrett's adenocarcinoma (a) at mRNA level using real-time 
quantitative reverse-transcription polymerase chain reaction analysis and (b) at protein 
level using urunuiiohistochemistry with a polyclonal antibody and with a monoclonal 
antibody specific for free hCGbeta. We then sought links between the hCGbeta protein 
expression pattern and clinical and pathological parameters, including patient outcome as 
well as vascular endothelial growth factor (VEGF) expression. RESULTS: hCGbeta 
protein expression was observed in 43 of 76 (57%) Barrett's adenocarcinomas. We 
showed a strong coirelation between hCGbeta protein abundance and CGB mRNA level. 
We observed a statistical link between hCGbeta protein expression and infiltrative 
tumour type ( P=0.023), perineural neoplastic invasion ( P=0.007) and VEGF protein . 
expression ( P=0.0 16). hCGbeta expression tended to be associated with a poor outcome 
(16% versus 36% survival 8 years after resection): CONCLUSION: Expression of 
hCGbeta correlates with specific infiltrative characteristics and is associated with higher 
VEGF expression. Both molecules may play a co-ordinated role in the development of 
Barrett's adenocarcinomas. 

* 
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Downregulatiou of ENaC activity and expression by TNF-alpha in alveolar 
epithelial cells. 

DaRenais A t Frechette R, Yamagata Y . Yamagata T . Carniet JF , Clermont ME . 
Brochiero E . Masse C . Berthiaumc Y . 

Centre de recherche, CHUM-Hotel-Dieu, 3850 St-Urbain, Montreal, Quebec, Canada 
H2W lT7^andre.dagenais.chum@ssss,gouv.qc.ca 

Sodium absorption by an amiloride-sensitive channel is the main driving force of lung 
liquid clearance at birth and lung edema clearance in adulthood. In this study, we tested 
whether tumor necrosis factor-alpha (TNF-alpha), a proinflammatory cytokine involved 
m several lung pathologies, could modulate sodium absorption in cultured alveolar 
epithelial cells. We found that TNF-alpha decreased the expression of the alpha-, beta-, 
and gamma-subunits of epithelial sodium channel (ENaC) mRN A to .36, 43, and'l6% of 
the controls after 24-h treatment and reduced to 50% the amount of alpha-ENaC protein 
in these cells. There was no impact, however, on alpha( I ) and beta( I ) Na(+)-K(+)- 
ATPase mRNA expression. Amiloride-sensitive current and ouabain-sensitive Rb(+) 
uptake were reduced, respectively, to 28 and 39% of the controls. A strong correlation 
was found at different TNF-alpha concentrations between the decrease of amiloride- 
sensitive current and alpha-ENaC mRNA expression. All these data show that TNF- 
alpha, a proinflammatory cytokine present during lung infection, has a profound 
influence on the capacity of alveolar epithelial cells to transport sodium. ' 
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Involvement of the CCNDl gene in hairy cell leukemia. 

dc Boer CJ , Kluin-Nelemaas JfC Dreef E , Kester MG , Khun PM. Schmtring E. van 
Krieken J IL 

Department of Pathology, University of Leiden, The Netherlands. 

BACKGROUND: Previous results suggested increased mRNA expression of CCNDl in 
hairy cell leukemia (HCL). The CCNDl gene is involved in the t(l I;l4)(ql3;q32) 
chromosomal rearrangement, a characteristic abnormality in mantle cell lymphoma 
(MCL). We and others reported that, in contrast to other B-cell lymphomas, almost all 
MCL have over-expression of the CCNDl gene with a good correlation between RNA 
and protein analysis. Recent studies showed that overexpression of the cyclin Dl protein 
can be easily detected by irnmunohistochemistry (IHC) on formal in- fixed, puffin 
embedded tissues. PATIENTS AND METHODS: To investigate whether the CCNDl 
gene is involved in HCL, we performed IHC on a series of 22 cases using formalin-fixed 
paraffin embedded splenectomy specimens. For IHC the sections were boiled in citrate 
buffer. The presence of rearrangements within the BCL-1 locus and the CCNDl gene 
was analyzed in 13 of 22 cases by Southern blot analysis using all available break-point 
probes. Expression of CCNDl was analyzed at the mRNA level (Northern blot) and 
protein level (IHC). RESULTS: Overexpression of the cyclin Dl protein using IHC was 
observed in all cases, with strong expression in 5 cases. Pre-existing B- and T-cell areas 
of the spleen did not express significant levels of the cyclin Dl protein. Seven of 9 cases 
analyzed by both IHC and Northern blotting showed overexpression of the CCNDl gene 
with both methods. No genomic abnormalities were observed in any of the 13 cases 
studied by Southern blot analysis. Additionally, no I lql3 abnormalities were detected by 
banding analysis of 19 of 22 cases. CONCLUSIONS: The elevated levels of CCNDl 
mRNA and protein in conjunction with the absence of overt rearrangements within the 
BCL-1 locus distinguish HCL from MCL and other B-cell malignancies. This suggests 
that activation of the CCND I gene in HCL is due to mechanisms other than chromosomal 
rearrangement. 
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In hilun aud acttvia production aud subunit expression in hutnau placental 
cells cultured in vitro. 

Dcbicvc F ; Pampfcr S , Thomas KL 

Department of Obstetrics and Gynecological Endocrinology, Universite Catholiquede 
Louvain, 1200 Brussels, Belgium. 

Inlubins and activins are dimeric proteins, with each subunit being one of three related 
protein subunits (alpha, betaA or betaB). The mRNA levels of these subunits were 
studied quantitatively during in-vitro differentiation of human cytotrophoblast cells into 
syncytium, using Northern blot analysis and semi-quantitative reverse transcript ion- 
polymerase chain reaction (RT-PCR) analysis. The corresponding protein concentrations 
were determined by specific enzyme-linked immunosorbent assays for inhibin A, B, pro 
alphaC and activin A in cellular protein extracts and culture medium (n = 5). 
Immunofluorescence studies showed syncytium formation after 48 h. The alpha subunit 
was present before plating and increased at 48 h (PO.001) while the betaA subunit was 
weak before plating and increased at 24 h. The betaB subunit was not detected. With 
respect to corresponding protein synthesis, inhibin A (alpha + betaA) had risen after 48 h 
in cellular protein extract and after 72 h in culture medium, while activin A (betaA + 
betaB) was detected after 24 h, with no significant variations in culture medium. There 
was a good correlation between inhibin A and alpha subunit expression (r = 0,736, 
P<0.001), as well as between activin A and betaA subunit expression (r = 0.755, 
P<0.001)- This study showed that rriRNA expression parallels protein synthesis of inhibin 
and activin in trophoblast cells; Inhibin A synthesis appears to be dependent on alpha 
subunit mRNA expression, rather than on the betaA subunit which controls activin A 
synthesis. This study has also shown that isolated cytotrophoblast cells do not produce 
dimeric inhibin. However, during the transformation of cytotrophoblast cells into 
syncytium, betaA subunit mRNA expression may be an indicator of cell aggregation, 
while alpha subunit mRNA expression may be an indicator of cell fusion. 

PMID: 10908285 [PubMed - indexed for MEDLINE] 
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Expression of membrane-type 'matrix metalloproteinascs 4, 5, and 6 in 
mouse corneas infected with P. aeruginosa. 

Dong Z , Katar M Alousi S , Berk RS . 

Department of Immunology and Microbiology, Wayne State University School of 
Medicine, 540 E. Canfield, Detroit, MI 4820 1, USA. 

PURPOSE: To investigate the expression and regulation of membrane-type matrix 
metalloproteinases (MT-MMPs) 4, 5, and 6 in the mouse corneas infected with 
Pseudomonas aeruginosa. METHODS: G57BL/6J mice were intracorneally infected with 
P. aeruginosa. The expression of MT4-, MT5-, and MT6-MMP was detected at both the 
mRNA and protein levels by RT-PCR and immunoblot analysis. Immunohistochemical 
staining was performed to localize the expression of MT4- and MT5-MMP in the mouse 
corneas, RESULTS^ Expression of MT4- and MT5-MMP was detected in the normal 
(uninfected) cornea by RT-PGR and immunoblot analysis. When infected with P. 
aeruginosa, the corneas showedsignificant induction of each MT-MMP. Localization of 
MT4- and MT5-MMP revealed that the expression of MT5-MMP was restricted to the 
epithelial tissue in the normal cornea, whereas the induced expression of MT4- and MT5- 
MMP was predominantly in the substantia propria, which contained most of the 
infiltrating cells. MT6-MMP expression was not detected in the uninfected cornea but 
was upregulated in the infected corneas. CONCLUSIONS: Expression of MT4-, MT5-, 
and MT6-MMP was induced in corneas infected with P. aeruginosa. 
Immunohistochemistry showed predominant immunoreactivity of MT4- and MT5-MMP 
in the substantia propria. Previous histologic studies have revealed different patterns of 
inflammatory cell infiltration with an increased number of polymorphonuclear . 
neutrophils (PMNs) during the early stage of inflammation and increased macrophages 
during the late stage. These results indicate a good correlation between the 
overexpression of the MT-MMPs in the infected corneas and the inflammatory response- 
that is, leukocyte infiltration-indicating that inflammatory cells such as macrophages and 
PMNs may play a role in the upregulation of MT-MMPs during corneal infection, which 
in turn can cause the destruction of corneal tissue. 
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Assessment of proliferative activity in colorectal carcinomas by 
quantitative reverse transcriptase-polymerase chain reaction (RT-PCR), 

Puchrow M HascmeycrS . Broil R , Bruch Ul\ Windhovcl U . 

Surgical Research Laboratory, Surgical Clinic, Medical University of Lubeck, 
Ratzeburger Allee 160, D-23538 Lubeck, Germany. 

The monoclonal antibody Ki-67 and the isospecific monoclonal antibody MfB-1 are 
routinely used in oncology to assess the proliferation index of tumor cells. A more 
objective and sensitive method is the determination of the of Ki-67 protein-specific 
mRNA by quantitative reverse transcriptase-polymerase chain reaction (RT-PCR). In 25 
resected colorectal adenocarcinomas of different stages and grades we determined 
between 0,2 and 4.4 amol (1 0(- 1 8) mol) Ki-67 protein-specific rnRNA per microgram 
total RNA (median = 0.88 amol). The corresponding Ki-67 indices (expressing the 
percentage of Ki-67/MIB-I positive tumor cells) ranged from 41 to 81% (median = 61%). 
We found a good correlation between Ki-67 index and mRNA expression (r = 0.75), a 
significant correlation between both data and tumor stage (primary tumor, regional nodes, 
metastasis [pTNivf] staging classification) (p < 0.001), but not between both data and 
tumor grade. Both Ki-67 indices (p = 0.05) and rnRNA levels (p = 0.014) correlated 
significantly to the patients' survival. These results demonstrate that the K\-61 protein- 
specific quantitative RT-PCR is a useful method for the characterization of tumor cell 
proliferation. 
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Molecular characterisation of carbohydrate digestion and absorption iu 
cquiue small intestine. 

t>V c r J , Fernandcz-Castano Mercdiz E . SalraonKS, Proudman CJ , Edwards CB . 
Slurazi-Beechcy SP . 

Department of Veterinary Preclinical Sciences, University of Liverpool, UfC. 

Dietary carbohydrates, when digested and absorbed in the small intestine of the horse, 
provide a substantial fraction of metabolisable energy. However, if levels in diets exceed 
the capacity of the equine small intestine to digest and absorb them, they reach the 
hindgut, cause alterations in microbial populations and the metabolite products and 
predispose the horse to gastrointestinal diseases. We set out to determine, at the 
molecular level, the mechanisms, properties and the site of expression of carbohydrate 
digestive and absorptive functions of the equine small intestinal brush-border membrane. 
We have demonstrated that the disaccharidases sucrase, lactase and maltase are expressed 
diversely along the length of the intestine and D-glucose is transported across the equine 
intestinal brush-border membrane by a high affinity, low capacity, Na4-/glucose 
cotransporter type I isoform (SGLTl), The highest rate of transport is in duodenum > 
jejunum > ileum. We have cloned and sequenced the cDNA encoding equine SGLTl and 
alignment with SGLTl of other species indicates 85-89% homology at the nucleotide and 
84-87% identity at the amino acid levels. We have shown that there is a good correlation 
between levels of functional SGLTl protein and SGLTl rriRNA abundance along the 
length of the small intestine. This indicates that the major site of glucose absorption in 
horses maintained on conventional grass-based diets is in the proximal intestine, and the 
expression of equine intestinal SGLTl along the proximal to distal axis of the intestine is 
regulated at the level of mRNA abundance. The data presented in this paper are the first 
to provide information on the capacity of the equine intestine to digest and absorb soluble 
carbohydrates and has implications for a better feed management, pharmaceutical 
intervention and for dietary supplementation in horses following intestinal resection. 
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Suppressors of cytokine signaling proteins are differentially expressed in 
Till and Th2 cells: implications for Tb cell lineage commitment and 
maintenance. 

Egwuagu CE , Yu CR, Zhang M , Mahdi RM, Kim SJ. GcryJ. 

Laboratory of Immunology, National Eye Institute, National Institutes of Health, 
Bethesda, MD 20892, USA. emeka@helix.nili.gov 

Positive regulatory factors induced by IL-12/STAT4 and IL-4/STAT6 signaling during T 
cell development contribute to polarized patterns of cytokine expression manifested by 
differentiated Th cells. These two critical and antagonistic signaling pathways are under 
negative feedback regulation by a multimember family of intracellular proteins called 
suppressor of cytokine signaling (SOCS). However, it is not known whether these 
negative regulatory factors also modulate Thl /Th2 lineage commitment and maintenance. 
We show here that CD4(*) naive T cells constitutive^ express low levels of SQCSl, 
SOCS2, and SOCS3 mRNAs. These mRNAs and their proteins increase significantly in 
nonpolarized Th cells after activation by TCR signaling..We further show that 
differentiation into Thl or Th2 phenotype is accompanied by preferential expression of 
distinct SOCS mRNA transcripts and proteins. SOCS1 expression is 5-fold higher in Thl 
than in Th2 cells, whereas Th2 cells contain 23-fold higher levels of SOCS3. We also 
demonstrate that IL-12-induced STAT4 activation is inhibited inTh2 cells that express 
high levels of SOCS3 whereas IL-4/STAT6 signaling is constirutively activated in Th2 
cells, but not Thl cells, with high SOCS1 expression. These results suggest that mutually 
exclusive use of STAT4 and STAT6 signaling pathways by differentiated Th cells may 
derive in part, from SOCS3- or SOCS I -mediated repression of IL-12/STAT4- or IL- 
4/STAT6 signaling in Th2 and Thl cells, respectively. Given the strong correlation 
between distinct patterns of SOCS expression and differentiation into the Th l or Th2 
phenotype, SOCS 1 and SOCS3 proteins are therefore Th lineage markers that can serve 
as therapeutic targets for immune modulation therapy! 

PMID: 1 1907070 [PubMed - indexed for MEDLINE] 
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Intravitreal invading cells contribute to vitreal cytokine milieu in 
proliferative vitreoretinopathy. 

Et-Ghrablv IA , Dua HS, Orr GM. Fischer D, Tighe PJ. 

Larry A Donoso Laboratory for Eye Research, Department of Ophthalmology, University 
of Nottingham, UYL 

AIM: To examine the contribution of infiltrating cells in the local production of cytokines 
\vithin the vitreous of patients with proliferative vitreoretinopathy (PVR). METHODS: 
The presence of mRNA coding for IL'-6, IL-8, IL-lbeta, IL-1 alpha, TNFalpha, 
IFNgamma, IL-1 2, and HPRT was investigated in 25 vitreous samples from patients with 
PVR, 1 1 vitreous samples from patients with retinal detachment (RD) not complicated by 
PVR, and 10 vitreous samples from patients with macular hole (MH). A quantitative 
reverse transcriptase polymerase chain reaction (RT-PCR) using an internal competitor 
was used to investigate these sarnples. From these samples, 15 PVR, & RD, and 8 MH 
were analysed for the' protein levels of the same cytokines using enzyme linked 
immunosorbent assay (ELISA). Spearman correlation was used to test any association 
between mRNA arid cytokine protein levels^as an indicator of the contribution these cells 
make to the intravitreal cytokine milieu. RESULTS: A strong correlation was found* 
between mRNA and their respective cytokine levels protein products) for IL-6, IL-8, IL- 
lbeta, IL-lalpha, TNFalpha, IFNgamma (Spearman r = 0:83, 0.73, 0.67, 0.91, 0.73, and 
0.73 respectively), but not for IH2. The median levels of IL-6, 11^8, IL-lbeta, and 
IFNgamma mRNA and their respective cytokine were significantly higher (p <0.05) m 
patients with PVR than in those with macular' hole. There was no statistically significant 
difference in the median levels of IL-1 alpha mRNA between PVR and MH but the 
cytokine IL-1 alpha was detected at a significantly higher level in PVR compared with 
MH patients. Between PVR and RD patients, there was no statistically significant 
difference in mRNA levels for all the investigated cytokines (p >0.05) except for IL-6 
where there was a statistical significance (p= 0.038). In contrast, the median levels of IL- 
6, IL-8, and IL-lbeta cytokines were significantly higher (p <0.05) in patients with PVR 
than in those with RD, whereas for IL- 1 alpha and IFNgamma no significant statistical 
difference was detected between PVR and RD patients (p >0.05). When results of RD 
and MH patients were compared, a statistical difference was only detected in mRNA 
levels of INFgamma (p = 0.008). However, no difference was detected for INFgamma 
(protein product) or for any of the other cytokines between RD and MH patients. 
CONCLUSION: Levels of both protein and mRNA encoding IL-6, IL-8, IL-lbeta, and 
IFNgamma is significantly increased in vitreous samples from patients with PVR. The 
strong correlation between ELISA detectable cytokines (protein products) and their 
respective mRNA levels suggest that intravitreal, invasive cells are the major source of 
these cytokines, with the exception of 1L-12. Cells invading the vitreous do not appear to 
locally produce 1L-12 mRNA. This would appear to implicate cells peripheral to the 
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vitreal mass as the major source of this cytokine. 
PMID: 1 1264138 [PubMed - indexed for MEDLINE] 
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Modulation of the glutamatergic receptors (AMPA and NMD A) and of glutamate 
vesicular transporter 2 in the rat facial nucleus after axotomy. 

Elcore L, Vassias I T Vidal PP . de Wacle C . 

LNRS (CNRS-Paris V), ESA 7060, Centre Universitaire des Saints-Peres, 45 rue des Saints- 
Peres, 75270 Paris Cedex 06, France. 

Facial nerve axotomy is a good model for studying neuronal plasticity and regeneration in the 
peripheral nervous system. We investigated in the rat the effect of axotomy on the different 
subunits of excitatory glutamatergic AMPA (GLuRl-4), NMD A (NR1, NR2A-D) receptors, post 
synaptic density 95, vesicular glutamate transporter 2, beta catenin and cadherin. mRN A levels 
and/or protein production were analyzed i , 3, 8, 30 and 60 days after facial nerve axotomy by in 
situ hybridization and immunohistofluorescence. mRNAs coding for the GLuR2-4, NR1, NR2A, 
B, D subunits of glutamatergic receptors and for post-synaptic density 95, were less abundant after 
axotomy. The decrease began as early as 1 or 3 days after axotomy; the mRNAs levels were 
lowest 8 days post-lesion, and returned to normal or near normal 60 days after the lesion. The 
NR2C subuhit mRNAs were not detected in either lesioned or intact facial nuclei. 
Immunohistochemistry using specific antibodies against GLuR2-3 subunits and against NR1 
confirmed this down-regulation. There was also a large decrease in vesicular glutamate transporter 
2 immunostaining in the axotomized facial nuclei at early stages following facial nerve section. In 
contrast, no decrease of NR2 A subunit and of post-synaptic density 95 could be detected at any 
time following the lesiori.' beta Catenin and cadherin immunoreactivity pattern changed around the 
cell body of facial motoneuron by day 3 after axotomy, and then, tends to recover at day post- 
lesion 60 days. Therefore, our results suggest a high correlation between restoration of 
nerve/muscle synaptic contact, synaptic structure and function in facial nuclei. To investigate the 
mechanisms involved in the change of expression of these proteins following axotomy, the facial 
nerve was perfused with tetrodotoxin for 8 days. The blockade of action potential significantly 
decreased GLuR2-3, NR1 and NR2A mRNAs in the ipsilateral facial nuclei. Thus, axotomy- 
induced changes in mRNA abundance seemed to depend partly on disruption of activity; 
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Maternal diabetes dunng pregnancy is associated with an increased rate of congenital 
malformations m the offspring. The exact molecular etiology of the disturbed 
en,bry 0 g enesi s ,s unknown, but an involvement of radical oxygen specie 
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luduction of the estrogen receptor by growth hormone and glucocorticoid 
substitution in primary cultures of rat hepatocy tes. 

Frev schuss B , Stavrcus-Evcrs A , Sahlin L Eriksson H . 

Department of Reproductive Endocrinology, Karolinska Hospital, Stockholm, Sweden. 

Hepatic estrogen receptors (ER) mediate estrogenic effects on mammalian liver 
metabolism and are thereby involved in the regulation of important 
physiological/pathological processes, such as coagulation, atherosclerosis, and 
hypertension. The regulation of the formation of the ER in primary cultures of rat 
hepatocytes was studied by assaying ER and ER mRNA under different endocrine 
conditions. The ER concentration was measured using two different methods, a ligand- 
binding technique and an ER enzyme immunoassay The results obtained by the two 
methods showed good correlation, and linear regression analysis gave a correlation 
coefficient of 0.95. ER concentrations fell to low steady state levels within 16 h after 
establishing the cell culture and remained low in the absence of hormonal substitution. 
Upon medium supplementation with pituitary GH and the glucocorticoid dexamethasone 
(DEX) in combination, the ER concentration increased 6-fold from 4.2 +/- 1 .0 to 25.8 +/- 
7.0 ftnol/mg cytosolic protein. ER mRNA was measured by solution hybridization. 
Substitution with OH and DEX in combination increased ER mRNA to 210 +/- 14% of 
control levels. No effect on ER mRNA stability was seen after hormone treatment It is 
concluded that the regulatory effects of GH and DEX on the hepatic ER in this in vitro 
system are very similar to the effects of these hormones under in vivo conditions. The 
inducible expression of the ER has never before, to our knowledge, been demonstrated in 
any mammalian liver cell culture system. 

PMID: 8404593 [PubMed - indexed for MEDLINE] 
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Cyclin Di-ncgative mantle cell lymphoma: a clinicopathologic study based on 
gene expression profiling. 

f^^f^^/^^^ BaX£& WmhLG, RosenwaldA, Chiorazzi M, lo.ba! 

SlaiidLLM, Chan WC ; Lvmnhonia/I.r,,lr*mi» M^..,^ PrnniinYFrnjrrl 

Department of Patliology and Microbiology, University of Nebraska Medical Center 983 135 
Nebraska Medial Center, Omaha, NE 68198-3135, USA. kfu@unmc.edu 

Cyclin Dl overexpression is believed to be essential in the pathogenesis of mantle cell lymphoma 
SntS n eX ' StenCe of c X cltn Dl-negative MCL has been controversial and difficult to 
substantiate. Our previous gene expression profiling study identified several cases that lacked 
cyclin DI expression, but had a gene expression signature typical of MCL. Herein, we report the 

. •S'jfi 10 u gI °' 3nd genetic featUres of 6 cases of c y cIin Dl -negative MCL. All 6 cases 
exhibited ^^^ ^o^ffc features and the unique gene expression signature of ■ 
MCL but lacked the «1 l;14)(ql3; q32) by fluorescence in situ hybridization (FISH) analysis The 
tumor cells also failed to express cyclin Dl protein, but instead expressed either cyclin D2 (2 
cases) or cychn D3 (4 cases). There was good correlation between cyclin D protein expression and 
the corresponding rnRNA express.on levels by gene expression analysis. Using interphase FISH 
we did not detect chromosomal translocations or amplifications involving CCND2 and CCND3 ' 
loci in these cases. Patients with cyclin Dl-negative MCL were similar clinically to those with 
cychn D 1 -positive MCL. In conclusion, cases of cyclin D 1 -negative MCL do exist and are part of 
the spectrum of MCL. Up-regulation of cyclin D2 or D3.may substitute for cyclin Dl in the 
pathogenesis of MCL. 
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Oxytocin receptors iu boviue cervix: distribution and gene expression 
during the estrous cycle. 

guchsAR, IvgHR, FiddsPA, Chang SM. FifttdsMT 

Oxytocin (OT) receptor (OTR) concentrations were determined in the cervix of 
nonpregn^t cows on cycle Days 0,3, 7-8, I7,and 19 (n = 3-4 cows each day)- [3H]OT 
was used as the labeled ligand. Mucosal and muscle layers of the cervix were also 
analyzed separately for both ligand binding and expression of the OTR gene using a 
newly developed RNase protection assay (RAP). Cellular localization of OTR protein 
was determined by irnmunohistochemistry. All regions of cervix from co ws at estrus had 
high concentrahons ofOTR; in the luteal phase, all were sharply down-regulated At 

tT had ab ° Ut 30 - fo,d concentrations than the muscle layer. 

OTR mRNA was readily detected by RAP in the mucosa from estrous cows, while much 
weaker signals were found in the muscle. On Days 7-17, the OTR mRNA signals in both 
mucosa and muscle were very faint or nondetectable. Thus, there was a good correlation 
between hgand binding and mRNA expression, which suggests that OTR concentrations 
are mainly regulated at the transcriptional level. The epithelial cells at the luminal surface 
of the mucosa were the principal site of immunoreactive OTR; muscle cells showed 
significantly weaker signals. Previously, OT was found to stimulate prostaglandin (PG) 
b2 output in vitro in bovine cervical tissues. Since PGE2 is capable of softening the 
cervix, our findings suggest that OT may have a novel physiological function to cause 
softening of the bovine cervix mediated by the release of PGE2. 

PMID: 8835394 [PubMed - indexed for MEDLINE] 
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Silencing of tlic thrombomodulin geue in Uumaa malignant melanoma. 
Furttta J - Kaacda A, Umcbavashi Y _ OtsukaF . Siiginiura T . Ushiiima T 

Carcinogenesis Division, National Cancer Center Research Institute, Tokyo, Japan. 

The loss of thrombomodulin (TM) expression is associated with tumour growth 
infiltration and lymph node metastasis. in human tumours. In melanoma cell linens TM is 
reported to mediate cell adhesion, and its introduction into TM-negative melanoma cell 
"lines suppresses their growth. In this study, we analysed TM expression in surgical 
melanoma specunens arid the role of its promoter methylation in the loss of its 
expression. In 1 5 (75%) of the 20 specimens (five from a primary site and 1 5 from 
metastatic sites), melanoma cells lacked TM urununoreactivity. Methylation of the TM 
promoter region was detected in 10 (67%) of the 15 TM-negative specimens by 
m ^ laflon - s P ecific polymerase chain reaction, whereas methylation was detected in two 
(40 /«) of the five TM^ositive specimens: In cell lines, complete methylation of the TM 
promoter CpG island was detected in six (46%) of 13 melanoma cell lines, whereas no 
methylation was detected in two cultured normal melanocytes. There was a good 
correlation between the methylated status of the CpG island and the loss of TM 
messenger RNA (mRNA) expression. Treatment of melanoma cell lines with a 
demethylatmg agent, 5-aza-2'-deoxycytidine, induced demethyiation of the promoter 
CpG island and the restoration of.mRNA and protein expression. These findings suggest 
that most human melanomas lack TM expression, and that methylation of the promoter 
CpG island is one of the mechanisms responsible. 

PMID: 157141 16 [PubMed - indexed for MEDLINE] . 
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A sampling of the yeast proteouie. 

Futchcr B , Latter GL Monardo P . McLaughlin CS , Garrets JT . 

Cold Spring Harbor Laboratory, Cold Spring Harbor, New York 1 1724, USA. 
futcher@cshl.org 

In this study, we examined yeast proteins by two-dimensional (2D) geL electrophoresis 
and gathered quantitative information from about 1,400 spots. We found that there is an 
enormous range of protein abundance and, for identified spots, a good correlation 
between protein abundance, mRNA abundance, and codon bias. For each molecule of 
well-translated mRNA, there were about 4,000 molecules of protein. The relative 
abundance of proteins was measured in glucose and ethanol media. Protein turnover was 
examined and found to be insignificant for abundant proteins. Some phosphoproteins 
were identified. The behavior of proteins in differential centrifugation experiments was 
examined. Such experiments with 2D gels can give a global view of the yeast proteome. 
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In Ibis study, >ve examined yeast proteins by two-dimensional (20) gel electrophoresis and gathered quan- 
titative information from about 1,400 spots. We found that there is an enormous range of protein abundance 
and, for identified spots, a good correlation between protein abundance, roRNA abundance, and codon bias. 
For each molecule of well-translated mRNA, there were about 4,000 molecules of protein. The relative 
abundance of proteins was measured in glucose and ethanol media. Protein turnover was examined and found 
to be insignificant for abundant proteins. Some phosphoproteins were identified. The behavior of proteins in 
. differential centrifugation experiments was examined. Such experiments with 20 gels can give a global view of 
the yeast proteome* 



The sequence of the yeasl genome has been determined (9). 
More recently, the number of mRNA molecules for each ex- 
pressed gene has been measured (27, 30). The next logical level 
of analysis is that of the expressed set of proteins! We have 
begun to analyze the yeast proteome by using two-dimensional 
(2D) gels. 

2D gel electrophoresis separates proteins according to iso- 
electric point in one dimension and molecular weight in the 
other dimension (21), allowing resolution of thousands of pro- 
teins on a single gel. Although modern imaging and computing 
techniques can extract quantitative data for each of the spots in 
a 2D gel, there are only a few cases in which quantitative data 
have been gathered from 2D gels. 2D gel electrophoresis is 
almost unique in its ability to examine biological responses 
over thousands of proteins simultaneously and should there- 
fore allow us a relatively comprehensive view of cellular me- 
tabolism. 

We and others have worked toward assembling a yeast pro- 
tein database consisting of a collection of identified spots in 2D 
gels and of data on each of these spots under various condi- 
tions (2, 1, 8, 10, 23, 25). Th ese data could then be used in 
analyzing a protein or a metabolic process. Saccharomyces 
cerevisiae is a good organism for ibis approach since it has a 
well-understood physiology as well as a large number of mu- 
tants, and its genome has been sequenced. Given the sequence 
and the relative lack of inlrons in 5. cerevisiae, it is easy to 
predict the sequence of the primary protein product of most 
genes. This aids tremendously in identifying these proteins on 
2D gels. 

There are. three pillars on which such a database rests: (i) 
visualization of many protein spots simultaneously, (ii) quan- 
tification of the protein in each spot, and (iii) identification of 
the gene product for each spot. Our first efforts at visualization 
and identification for 5. cerevisiae have been described else- 
where (7, 8). Heic we describe quantitative data for these 
proteins under a variety of experimental conditions. 

MATERIALS AND METHODS 
Strain; and inrdia. S. fmvisine W3W3 \MATa n<ie2-I hu3 J) t )5 leu 2-5, JJ2 
trph] ura3-} cunJ-JOO) was used (26). - Met YNB (yeasl mitogen base) medium 
was 1.7 g of YNB (Dilco) per liter. 5 e of ammonium sulfate per liter, and 
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adenine, uracil, and all amino acids except methionine; — Met.-Cys YNB me- 
dium was the same but without methionine or cysteine. Medium was supple- 
mented with 2% glucose (for most experiments) or with 2% ethanol (foj ethanol 
experiments). Low- phosphate YEPD was described by Warner (28). 

Isotopic labeling of yeast and preparation of cell extracts. Yeasl strains were 
labeled and proteins were extracted as described by Garrets el al. (7, 8). Briefly, 
cells weie grown to 5 X 10* cells per ml. al 30"C; J ml of culture was transferred 
to a fresh lube, and 03 roCi of p 5 S]methibnine (e.g., Express protein labeling 
mix; New England Nuclear) was added to this I -ml culture. The cells were 
incubated foi a further 10 to 15 roin and then transferred to a 1.5-ml microcen- 
trifuge tube, chilled on ice, and harvested by centrifugation. The supernatant was 
removed, and the cell pellet was resuspended in 100 uJ of lysis buffer (20 mM 
. Tris-HCI IpH 7.6], 10 mM NaF, 10 mM sodium pyrophosphate, 0.5 mM EDTA, 
0.1% deoxycholale: just before use, phenylroethylsulfonyl fluoride was added to 
I mM, leupeplin was added lo 1 u.g/ml, pepstatin was added to 1 u-g/mf tosyl- 
sulfonyl phenylalanyl chloiomethyl ketone was added to 10 pg/ml, and soybean 
trypsin inhibitor was added to 10 u-g/ml). 

The resuspended cells were transferred to a screw-cap 1.5-m) polypropylene 
tube containing 0.23 g of glass beads (0i-mm diameter; Biospec Products) or 
0.40 g of 'zircon ia beads (0-5- mm diameter; Biospec Products). After the cap was 
secured, the tube was inserted into a MiniBcadbeater 8 (Biospec Products) and 
shaken at medium high speed at 4"C for I min. Breakage was typically 75%. 
Tubes were then spun in a microcentrifuge for JO $ al 5,000 X g at 4°C 

With a. very fine pipette tip, liquid was withdrawn from the beads and trans- 
ferred to a precluded 13-ml tube containing 7 u.1 of DNase 1 (u\5.mg/rol; Cooper 
product no. 6330)-RNase A (0.25 mg/ml; Cooper product no. 5679)-Mg (50 mM 
MgCL) mix. Typically 70 u.1 of liquid was recovered. The mixture was incubated 
on ice for 10 min to allow the RNase and DNase to work. 

Neat, 75 u.1 of 2X t3SDS (2X dSQS is 0.6% sodium dodecyl sulfate |SDS], 2% 
mercaptocthanol, and 0.1 M Tris-HCI |pH 8]) was added. The tube was plunged 
into boiling water, incubated for 1 min, and then plunged into ice. After cooling, 
the lube was cenlrifnged at <t°C for 3 min at .14.000 X g. The supernatant was 
transferred to a fresh tube and frozen at -70X. About 5 u.1 of this supernatant 
was used for each 2D gel. 

2D pirivarrvlnmidr gels. 2D gels were made and run as described elsewhere 
(6-8). 

Image analysis of the gels. The Quest H software system was used foj quan- 
titative image analysis (20, 22). Two techniques were used to collect quantitative 
data for analysis by Quest U software. First, before the advent of phosphor im- 
agers, gels were dried and fluoiographed. Each gel was exposed to lilm for three 
different times (typically 1 day, 2 weeks, and 6 weeks) lo increase the dynamic 
range of die data. The films wcie scanned along with calibration strips to lelale 
film op l icy I density lo disinfegjations per minute in the gels and analyzed by the 
software to obtain a lineaj relationship between disintegrations per m inure in the 
spots and optical densities of (he film images. The quantitative data are ex- 
pressed as parts per million of the total cellular protein. This value is calculated 
horn the disintegrations per minute of the sample loaded onto the gel and by 
comparing the film density of each data spot with density of the film over the 
calibration mips of known radioactivity exposed lo the same film. This yields the 
disintegrations per minute per millimeter for each spot on the gel and thence its 
pai is- pei-minule value. 

Afici the advent o( phosphor imaging; gels bearing "^S-labeted pioteins were 
exposed to phosphor imager screens and scanned by a Fuji phosphoj imager, 
typically (or nvo exposures per gel. Calibration strips of Known radioactivity were 
exposed simultaneously. Sc;in dam from the phosphoiimagej w;»s assimilated by 
Quest J I so/ 1 wait, and quantitative data wne recorded tor ihr spots on the go Is. 
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Meastirements of protein turnover. Cells in exponential phase were pulse- 
labeled with | j5 S)methkmine, excess cold Met and Cys were added, and samples 
of equal volume were taken from the culture at intervals up to 90 min (in one 
experiment) or up to 160 min (in a second experiment). Incorporation of into 
protein was essentially 100% by the first sample (JO min). Extracts were made, 
and equal fractions of the samples were loaded on 2D gels {ix., the different 
samples had different amounts of protein, but equal amounts of •^^S). Spots were 
quant hated with a phosphor imaging and Quest software. 

"The software was queried for spots whose radioactivity decreased through the 
time course. The algorithm examined all data points for all spots, drew a best-fit 
line through the data points, and looked for spots where this line had a statis- 
tically significant negative slope. Jn one of the experiments, there was one such 
spot. To the eye, this was a minor, unidentified spot seen only in the first two 
samples (JO and 20 min). In the other experiment, the Quest software found no 
spots meeting the criteria. Therefore, we concluded that none of the identified 
spots (and all but one of the visible spots) represented proteins with long 
half-lives. 

Centrifugal fractionation. Cells were labeled, harvested, and broken with glass 
beads by the standard method described above except that no detergent (i.e., no 
deoxycholattt) was present m the lysis buffer. The crude rysate was cleared of 

. unbroken cells and large debris by centrifugal ion at 300 X g for 30 s. The 
supernatant of this centrifugal ion was then spun at 16,000 X £.for 10 min to give 
the pellet used for Be. 6B. The supernatant of the 16,000 X g, JO-min spin was 
then spun at 100,000 X g for 30 min to give the supernatant used for Fig. 6A. 
' Protein abundance calculations. A haploid yeast cell contains about 4 X 10" 12 
g of protein (J, j5). Assuming a mean protein mass of 50 kDa, there are about 

• 50 x 10 6 molecules of protein per cell. There are about 1.8 methionines per JO 
kDa of protein mass,, which implies 4 5 X 10 8 molecules of methionine per cell 
(neglecting the small pool of free Mel). We measured (i) tbe counts per minute 
in each spot on the 2D gels, (ii) the total number of counts on each gel (by 
integrating counts over the entire gel), and (iii) the total number of counts, 
loaded on the gel (by scintillation counting of the original sample). Thus, we 
know what fraction of the total incorporated radioactiviry is present in each spot. 
After correcting for the methionine (and cysteine [see below)) content of each 
protein, we calculated an absolute number of protein molecules based on the 
fraction of radioactivity in each spot and on 50 X 10* total molecules per cell. 

The labeling mixture used contained about one-fifth as much radioactive 
cysteine as radioactive methionine. Therefore, the number of cysteine molecules 
per protein was also taken into account in calculating the number of molecules 
of protein, but Cys molecules were weighted one-fifth as heavily as Met mole- 
cules. 

mRNA abundance calculations. Fot estimation of roRNA abundance, we used 
SAGE (serial analysis of gene expression) data (27) and Affymeirix chip hybrid- 
ization data {29a. 30). The mRNA column in Table 1 .shows mRNA abundance 
calculated from SAGE data alone. However, the SAGE data came from cells 
growing »n VEPD medium, whereas our protein measurements were from cells 
glowing in YNB medium. In addition, SAGE data for low-abundance mRNAs 
suffers bom statistical variation. Therefore, we also used chip hybridization data 
(29a, 30) for mRNA from cells erown in YNB.The.se hybridization data also had 
disadvantages. First, the amounts of high-abundance mRNAs were systemati- 
cally underestimated, probably because of saturation in the hybridizations, which 
used JO iig of cRNA. For example, the abundance of ADHJ mRNA was 197 
copies per cell by SAGE but only 32 copies per cell by hybridization, and the 
abundance of EN02 mRNA was 248. copies per cell by SAGE but only 4) by 
hybridization. When the amount of cRNA used in the hybridization was reduced 
■ to I ug, i he apparent amounts of mRNA were similar to tbe amounts determined 
by SAGE (29a, 29b). However, experiments using 1 ug of cRNA have been done 
for only some genes (29a). Because amounts of mRNA were normalized to 
15.000 per cell, and because the amounts of abundant mRUAs were under esti- 
mated, there is a 2.2- fold overestimate of the abundance of nonabundant 
mRNAs. We calculated this factor, of 72 by adding together the number of 
mRNA molecules bom a laige number of genes expressed at a low level loi both 
SAGE data ami hybridization data. The sum Tor the same genes from hybrid- 
Ration data is 2.2-fold gicaier than that from SAGE data. 

To take into account ihese difficulties, we compiled a list of "adjusted" mRNA 
abundance as follows. For all high- abundance mRNAs of our identified proteins, 
we used SAGE data. For all of these particular mRNAs, chip hybridization 
suggeMcd that mRNA abundance was the same in YEPD and YNB media. For 
medium- abundance mRNAs, SAGE data were used, but when hybridization 
data showed a significant diflerence between YEPD and YNB, then the SAGE 
data were adjusted by the appropriate factor. Finally, for low- abundance 
mRNAs, we used data bom chip hybridizations from YNB medium but divided 
by 72 to normalize to the SAGE results. These calculations wcie completed 
without refeicnce to piotein abundance. 

CAJ. The codon adaptation index (CA1) was taken from the yeast protcome 
database ( YPD) ()3). /or which calculations were made according to Sharp and 
Li (M). Briefly, i he index uies a reference sef of highly expressed genes to assign 
a value to each codon. and then a score lor a gene is calculated from the 
frequency ot n>e ol rhc various codons in that gene (24). 

SlniiMical :>na)y.MS. The JMP progiam wjs used with the aid of T. Tulty. The 
JMP program *howed that rir :i he i niliNA not pintcin :»bund:imv.s were nor- 
mally trijliibrilrd: ihrtcfoie, Spearman tank COM elation coc fin' k' im (».) «'cn' 



calculated. The mRNA (adjusted and unadjusted) and protein, data were also 
transformed so that Pearson product-moment correlation coefficients (r p ) could 
be calculated. First, this was done by a Box- Cox transformation of log- trans- 
formed dataJ This transformation produced normal distributions, and an r p of 
0.76 was achieved. However, because the Box- Cox transformation is complex, we 
also did a simpler logarithmic transformation. This produced a normal distribu- 
tion for the protein data. However, the distribution for the mRNA and adjusted 
mRNA data was close to, but not quite, normal. Nevertheless, we calculated the 
r p and found that it was 0.76, identical to the coefficient from the Box-Cox 
transformed data. We therefore believe that this correlation coefficient is not 
misleading, despite the fact that tbe log(mRNA) distribution is not quite norma). 



RESULTS 

Visualization of JySOO spots on three gel systems. Yeast 
proteins have isoelectric points ranging from 3.1 to 12.8, and 
masses ranging from less than 10 kDa to 470 kDa. It is difficult 
to examine all proteins on a single kind of gel, because a gel 
with the. needed range in pi and mass would give poor resolu- 
tion of the thousands of spots in the centra) region of the geJ. 
Therefore, we have used three gel systems: (i) pH u 4 to 8 W with 
10% polyacrylamide; (ii) pH "3 to 10" with 10% polyacryj- 
amide; and (iii) nonequilibrium with 15% polyacrylamide (7, 
8). Each gel system allows good resolution of a subset of yeast 
proteins. 

Figure 1 shows a pH 4-8, 10% polyacrylamide gel. The pH 
at the basic end of the isoelectric focusing gel cannot be main- 
tained throughout focusing, and so the proleins resolved on 
such gels have isoelectric points between pH 4 and pH 6.7. For 
these pH 4-8 gels, we see 600 to 900 spots on the best gels after 
multiple exposures. 

The pH 3-10 -gels (not shown) extend the pi range somewhat 
beyond pH 15 y allowing detection of several hundred addi- 
tional spots. Finally, we use nonequilibrium gels with 35% 
acryJamide in the second dimension. These allow visualization 
of about 100 very basic proteins and about 170 small proteins 
(less than 20 kDa). In total, using all three gel systems, about 
3,400 spots can be seen. These represent about 1,200 different 
proleins, which is about one-quarter to one-third of the pro- 
teins expressed under these conditions (27, 30). Here, we focus 
on the proteins seen on the pH 4-8 gels. 

Although nearly all expressed proteins ate present on these 
gels, the number seen is limited by a problem we call coverage. 
Since there are thousands of proteins on each gel, many pro- 
teins comigrate or nearly comigrate. When two proteins are 
resolved, but are close together, and one protein spot is much 
more intense than the other, a problem arises in visualizing the 
weaker spot: at long exposures when the weak signal is strong 
enough for detection, the signal from the strong spot spreads 
and covers the signal from the weaker spot. Thus, weak spots 
can be seen only when they arc well separated from strong 
spots. 

For a given gel, the number of detectable spols initially rises 
with exposure lime. However, beyond an optimal exposure, the 
number of distinguishable spols begins to decrease, because 
signals from strong spols cover signals from nearby weak spots. 
At long exposures, the whole auioradiogram turns black. Thus, 
there is an optimum exposure yielding the maximum number 
of spots, and al this exposure the weakest spots are not seen. 

Largely because of the problem of coverage, the proleins 
seen are strongly biased toward abundant pioteins. All identi- 
fied proteins have a CAJ of 0.38 or more, and we have iden- 
tified no transcripiion factors or piotein kinases, which are 
nonabundant proleins. Thus, this technology is useful for ex- 
amining protein synthesis, amino acid metabolism, and glyco- 
lysis bul no! for examining transcription. DNA replication, or 
the ccM cycle. 
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Spot identification. The identification of various spots has 
been described elsewhere (7, 8), At present, 169 different spots 
representing 148 proteins have been identified. Many of these 
spots have been independently identified (2, 10, 23, 25). The 
main methods used in spot identification have been analysis of 
amino^ acid composition, gene overexpression, peptide se- 
quencing, and mass spectrometry. 

Pulse-chase experiments and protein turnover. Pulse-chase 
experiments were done to measure protein haJf-Jives (Materi- 
als and Methods). Cells were labeled with [ 35 S]methionine for 
10 min. and then an excess of unlabeled methionine was added. 
Samples were taken at 0, 10, 20, 30, 60 ; and 90 min after the 
beginning of the chase. Equal amounts of 35 S were loaded from 
each sample; 2D gels were run, and spots were quantitated. 
Surprisingly, almost every spot was nearly constant in amount 
of radioactivity over the entire time course (not shown). A few 
spots shifted from one position to another because of post- 
translationai modifications (e.g., phosphorylation of RpaO and 
Efbl). Thus, the proteins being visualized are all or nearly all 
very stable proteins, with half-lives of more than 90 min. Gygi 
et al. (10) have come to a similar conclusion by using the N-end 
rule to predict protein half-lives. This result does not Imply 
that all yeast proteins are stable. The proteins being visualized 
are abundant proteins; this is partly because they are slable 
proteins. 

Protein quantitation. Because all of the proteins seen had 
effectively the same half-life, the abundance of each protein 
was directly proportional to the amount of radioactivity incor- 
porated during labeling. Thus, after taking into account the 
total number of prolein molecules per cell, the average content 
of methionine and cysteine* and the methionine and cysteine 
content of each identified protein, we could calculate the abun- 
dance of each identified prolein (Tables 1 and 2; Materials and 
Methods). About 1,000 unidentified proteins were also quan- 
tified, assuming an average content of Met and.Cys. 

Many proteins give multiple spots (7, 8). The contribution 
from each spot was summed to give the total protein amount. 
However, many proteins probably have minor spots that we are 
not aware of, causing the amount of protein to be underesti- 
mated. 

When the proteins on a pH 4-8 gel were ordered by abun- 
dance, the most abundant protein had S,904 ppm, the 10th 
most abundant had 2,842 ppm, the 100th most abundant had 
314 ppm, the 500th most abundant had 57 ppm, and the 
1,000th most abundant (visualized al greater, than' optimum 
exposure) had 23 ppm. Thus, there is more than a 300-foJd 
range in abundance among the visualized proteins. The most 
abundant 10 proteins account for about 25% of the total pro- 
tein on the pH 4-8 gel, the most abundant 60 proteins account 
for 50%, and the most abundant 500 proteins account for 80%. 
Since it seems likely that the pH 4-8 gels give a representative 
sampling of all proteins; wc estimate that half of the total 
cellular protein is accounted for by fewer than 100 different 
gene products, principally glycolytic enzymes and proteins in- 
volved in protein synthesis. 

Correlation of protein abundance with mRNA abundance. 
Estimates of mKNA abundance for each gene have been made 
by SAGE (27) and by hybridization of cRNA to oligonucleo- 
tide arrays (30). These two methods give broadly similar re- 
sults, yet each method has strengths and weaknesses (Materials 
and Methods). Table J lists ihe number of molecules of mRNA 
per cell for each gene studied. One measurement (mRNA) 
uses data from SAGE analysis alone (27); a second incorpo- 
rates data from both SAGE and hybridization (30) (adjusted 
mRNA) (Table J; Materials and Methods). We correlated 
protein abundance with mRNA abundance (Fig. 2)/ For ad- 



justed mRNA versus protein, the Spearman rank correlation 
coefficient, r^-was 0.74 (P < 0.0001), and the Pearson corre- 
lation coefficient, r p , on log transformed data (Materials and 
Methods) was 0.76 (P < 0.00001). We obtained similar corre- 
lations for mRjf^A versus protein and also for other data trans- 
formations (Materials and Methods). Thus, several statistical 
methods show a strong and significant correlation between 
mRNA abundance and protein abundance. Of course, the cor- 
relation is far from perfect; for mRNAs of a given abundance, 
there is at least a 10-fold range of protein abundance (Fig. 2). 
Some of this scatter is probably due to post transcriptional 
regulation, and some is due to errors in the mRNA or prolein 
data. For example, the protein Yef3 runs poorly on our gels, 
giving multiple smeared spots. Its abundance has probably 
been underestimated, partly explaining the low protein/mRNA 
ratio of Yel3. It is the most extreme outlier in Fig. 2. 

These data on mRNA (27, 30) and protein abundance (Ta- 
ble 1) suggest that for each mRNA molecule, there are on 
average 4,000 molecules of the cognate protein. For instance, 
for Actl (actin) there are about 54 molecules of mRNA per 
cell and about 205,000 molecules of protein. Assuming an 
mRNA half-life of 30 min (12) and a cell doubling time of 120 
min, this suggests that an individual molecule of mRNA might 
* be translated roughly 1,000 limes. These calculations are lim- 
ited to mRNAs for abundant proteins, which are likely to be 
the mRNAs that are translated best. 

A full complement of cell prolein is synthesized in about 120 
min under these conditions. Thus, 4,000 molecules of protein 
per molecule of mRNA implies that translation initiates on an 
mRNA about once every.2 s. This is a remarkabJy.high rate; it 
implies that if an average mRNA bears 10 ribosorhes engaged 
in translation, then each ribosome completes translation in 
20 s; if an average protein has 450 residues; this in turn implies 
translation of over 20 amino acids per s, a rate considerably 
higher than estimated for mammalians (3 to 8 amino acids per 
s) (1.8). These estimates depend on the amount of mRNA per 
cell (11, 27): 

The large number of protein molecules thai can be made 
from a single mRNA raises Ihe issue of how abundance is 
controlled for less abundant proteins. Many nonabundant pro- 
teins may be unstable, and this would reduce the protein/ 
mRNA ratio. In addition, many nonabundant proteins may be 
translated 3t suboptimal rates. We have found that mRNAs for 
nonabundant proteins usually have suboptimal contexts for 
Iranslalional initiation. For example, there arc over 600 yeasi 
genes which probably have short open reading frames in the 
mRNA upstream of the main open reading frame (37a). These 
may be devices for reducing the amount of protein made from 
a molecule of mRNA. 

Correlation of codon bias with protein abundance. The 
mRNAs for highly expressed proteins preferentially use some 
codons rather than others specifying the same amino acid (14). 
This preference is called codon bias. The codons preferred are 
those for which Ihe tRNAs are present in Ihe greatest amounts. 
Use of these codons may make translation faster or more 
efficient and may decrease misincorporation. These effects are 
most important for the cell for abundant proteins, and so 
codon hias is most extreme for abundant proteins. The effect 
can be dramatic— highly biased mRNAs may use only 25 of the 
61 codons. 

We asked whether the correlation of codon bias with abun- 
dance continues for medium- abundance proteins. There are 
various mathematical expressions quantifying codon bias; here, 
we have used the CAJ (24) (Materials and Methods) because 
it gives a result between 0 and i. The r A for CA1 versus protein 
abundance is 0.S0 (P < 0.0001). similar lo the mRNA-proiein 



TABLE 1. Quantitative data' 



Function 



Carbohydrate metabolism 



Protein synthesis 



Heat shock 



Amino acid synthesis 



Miscellaneous 



Name 


CAJ 


roRNA 


Adjusted n 


Adhl 


0 810 


107 


IV f 


Adh? 


0 S04 


n 


an 


0.185 


1 


Z8 


Eriol 


0.870 


No Ma 


Eno2 


0.892 


248 


248 


Fbal 


0.868 


179 


179 


Hxkl,2 


0300 


13 


103 


Jell 


0.251 


0 




Pdbl 


0.342 


5 


5 


PdcJ 


0.903 


226 


226 


mi 


0.465 


5 


5 


Pgil 


0.681 


14 


14 


Pycl 


0.260 


1 


0.7 


Tall 


0379 


5 


5 


Tdh2 


0.904 


63 


63 


Tdh3 


0.924 


460 


460 


Tpil 


0.817 


NoAto 





Efbl 

Eitl,2 

PrU 

RpaO 

Tifl ^ 

YeD 

Hsc82 

Hsp60 

Hsp82 

Hspl04 

Kar2 

SsaJ 

Ssa2 

SsbU 
Ssc] 
SseJ 
Stil 

Adel 

Ade3 

Ade5,7 

Arg4 

Gdbl 

Glnl 

His* 

Jlv5 

Lys9 

Met6 

Pro2 

SerJ 

Trp5 



0.762 
0.801 
0.303 
0.793 
0.752 
0.777 

0.581 

0381 

0.517 

0.304 

0.439 

0.709 

0.802. 

0.850 

0.52J 

0.521 

0.247 

0.229 

0.276 

0.257 

0.229 

0.585 

0.524 

0.267 

0.80) 

0.332 

0.657 

0.248 

0.258 

0.3)9 
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10 

50 

"7 

8 
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2 
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1 
10 
11 

3 

6 
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NoAf/a 
3 
2 
5 



Act I 


0.710 


54 


AdJcl 


0.531 


No Ntd 


AId6 


0.520 


3 


Atp2 


0.424 


1 


Bmhl 


0.322 


46 


Bmh2 


0.384 


1 


Cdc43 


0.306 


2 


Cdc60 


0.299 


2 


Erg20 


0.373 


5 


Gppl 


0.603 


)6 


Gspl 


0.621 


3 


ippi 


0.620 


4 


Lcbl 


0.173 


0.3 


Mol) 


0.123 


0 


PabJ 


0.488 


3 


PsaJ 


0.600. 


15 


Rnr4 


0.497 


6 


Saml 


0.494 


5 


Sam2 


0.497 


3 


Sod] 


0.376 


36 


UbaJ 


0.2J2 


2 


YKL056 


0.731 


62 


YLK109 


0.549 


21 


YMK116 


0.777 


41 
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36 

2.9 

23 

1.3 

7 
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43 

5 
50 

2.6 

8 

1.1 

4 - 
1.7 
1.4 
8.1 
27 

11 

3 

6 

4 
22 

3 

1.2 
5 

54 

3 

4.1 
46 
1.4 

2.4 

0.86 

5 

5 

3 

4 

0.8 

0.45 

3 

15. 

6 

5 
15 
36 

2 
62 
21 
4J 



Protein (Glu) (10 3 ) 


Protein (Eitt) (10*) 


E'G ratio 




972 


0.79 


V 


963 


>20 


23 


288 


12 


410 


974 


2A 


650 


215 


0.33 


640 


608 


0.95 


62 


46 


0 


671 


>20 


41 


33 




280 


205 ' 


0.73 


75 


53 


0.7J 


160 


120 


0.75 


37 


34 


110 


35 




430 


876 


NR. 


1,670 


1,927 


NR 


No Mel 


No Met 



358 
99 
12 
277 
233 
14 

112 

35 
52 
• 70 
43 
303 
233 
270 
68 
96 
25 

14 

12 
14 
41 

148 
77 
15 

152 
32 

190 
30 
15 
28 

205 
47 

181 
76 

191 

134 

32 
6 

92 

234 

1)5 
254 

19 

20 

4) 
)48 

44 

59 

63 
63) 

14 
253 
930 
184 
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54 
6 
100 
106 
ND 

75 
82 
335 
16) 
302 
421 
324 
85 
80 
48 
44 

27 
9 
4 
41 
55 
104 
23 
109 
)7 
80 
12 
8 
32 

164 
43 

159 

109 

137 

147 

26 
2 

39 

158 

39 
147 

40 

16 

19 

56 

37 

2) 

20 
618 

20 
112 

40 
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0.46 



0.67 

2.3 

Z6 

23 

2.4 

1.4 

1.5 

1.2 

1.7 



1.3 

13 

0.7 

032 

0.42 



0.78 



1.4 
0.72 



034 
038 



0.47 



0.44 



0.20 
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TABLE 2. Functions of proteins listed in TabJe 1 



Name" 



YPD title lines* 



Adhl 
Adh2 
Cil2 
. Enol 
Eno2 
FbaJ 
Hxkl 
Hxk2 
IcIJ 
PdbJ 
PdcJ 
PfkJ 
Peil 
Pyc) 
Tall 
Tdh2 
Tdh3 
TpiJ 

Efbl 
Eftl 
Efl2 
Prtl 

RpaO (RPPO) 

Tifl 

Tif2 

Yef3 

Hsc82 
Hsp60 . 
Hsp82 
Hspl04 

Kar2 

Ssal 
Ssa2 
Ssbl 
Ssb2 
Sscl 

Ssel 
Sti] 

-Adel 

Ade3 

Ade5,7 

Are4 

Gdh) 

Glnl 

His4. 

Ilv5 

Lys9 
. Mci6 

Pro2 

SerJ 

Tj P 5 

Acil 

Adkl 

Ald6 

Alp2 

Dmh] 

Bmh2 

Cdc48 

Cdc60 

Eri>20 

Cppl (Kbr2) 
Gspl 

Ipp) 
Lcbl 

Moll (Thi4) 
Pabl 

Psal 

Rjij4 

Saml 

Sara2 

SodJ 

Ubal 

VKL056 
YLH109 (Ahpl) 
Y MR J 16 (Ascl) 



Alcohol dehydrogenase I; cytoplasmic isozyme reducing acetaldehyde to etbanol, re°eneratm«- NAD* 
Alcohol dehydrogenase II; oxidizes ethanol to acetaldehyde, glucose repressed & 
Citrate synthase, peroxisomal (nonmitochondrial); converts acetyJ-CoA and oxaloacetate to citrate plus CoA 
Eno ase J (^phosphogfycerate dehydratase); converts 2-phospho-JD-glycerate to pbosphoenolpyruvate in grycolysis 
Enolase * (2-phosphogiycerale dehydratase); converts 2-phos P ho-r>g|ycerate to pbosphoenolpyruvate in Irvcohrs» 
Fructose bisphosphate aldolase JI; sixth step in glycolysis . . 

Hexokinase I; converts hexoscs to hexose phosphates in grycolysis; repressed by glucose 

Hexokrnase II; converts hexoses to hexose phosphates in grycolysis and plays a regulatory role in glucose repression 
Ispotrale ryase peroxisomal; carries out pari of the gryoxylate cycle; required for ghiconeoEenesis 
Pyruvate dehydrogenase complex, EI beta subunit 
Pyruvate decarboxylase isozyme 1 

Phosphofnictokinase alpha subunit, part of a complex with Pfk2p which carries out a key regulatory step in grycolysis 
Glucose-o-phosphate isomerase, converts glucose-6- phosphate to fructose-6-phosphate / *- &v r 

Pyruvate carboxylase 1; converts pyruvate lo oxaloacetate for gluconeogenesis 
TransaJdoIase; component of nonoxidalive part of pentose phosphate pathway 

?^ ra M C |! y H e f P l! OSp t! 3fe '*M«agoiase ^ converts D-gryceraldebyde 3-phosphate lo l^dephosphoglycerate 
Glycerdldehyde.3 : phosphate dehydrogenase 3; converts D-gryceraldebyde 3-phospbate to l^dephosphogrycerate 
Triphosphate isomerase; interconverfc 

Translation elongation factor EF-10; GDP/GTP exchange factor for Teflp/Pef2p 

Translation elongation factor EF-2; contains diphthamide which is not essential for activity: identical to Efi2p 
Translation elongation factor EF-2; contains diphthamide which is not essentia! for activity; identical to Eftlp 
Translation initiation factor e)F3 beta subunit (p90); has an RNA recognition domain P 
Acidic ribosomal proiein AO 

Translation initiation factor 4A (eIF4A) of the DEAD box family 
Translation initiation factor 4 A (eIF4A) of the DEAD box family 
Translation elongation factor EF-3A; member of ATP-binding cassette super family 

Chaperonin homologous to£l coli HlpG and mammalian HSP90 

Mitochondrial chaperonin lhal cooperates with HspJOp; homolog of£ coli GroEL 

Heat-induciWe chaperonin homologous to £ coli HlpG and mammalian HSP90 

H 7oi|PSn^7c™S f0 ' indOCeJ ,h " mo '° ,c ' a "" » nd f °' '"olubilizing aggtcgalc s of denatured pro.e.ns; imporlanl for |psr> 

"VndloTL&^rrXoT tW ' > ' 0,ei,, " anS '~" i0n a " oss ,he »*>p I „ m ic,c.icuh n n rcemtone 

Cytoplasmic chapeume; neat shock protein of the HSP70 family 
Cytoplasmic chaperone; member of ihe HSP70 family 

Heal shock proiein of HSP70 family involved in the translalional apparalus 
Heat shock protein of HSP70 family, cytoplasmic 

^d^^S sr^ ^oToTSSKi?* Tim44p PbyS 3 Ch0pCr0nin in W ™* ™* °< P- tei " 

Sr«^nrK°n e M ? ' '^V? fami ^ mu, '™Py suppressor of mutants 'with hvperaclivaled Ras/cvclic AMP pathway 
Stress-mduced protein reamed for optimal growth at high and low temperature; has lelralricopeptide repeats ? * ; 

Pb f P nt "5 0 ^^ m, ' doim i rf32 <>»e -succinocarboxamide synthase: catalyzes the seventh step in de novo purine biosynthesis pathway 
C, lelrahydrofolate synthase ( Afunctional enzvme), cytoplasmic P mosyninesis pathway 

PhosphoriDosy)amme^l>cine ligase plus pho.^'boribosylformylgrvcinamidine cvclo- ligase; bifunctional proiein 
Argmmosuccmale lyase: catalyzes the final step in arginine biosynthesis * ™uncnonai P">lem 

G utamatc dehydrogenx« (NADP*); combines ammonia and o-keto-lurarale lo form lilutamule 
Glutamme synthetase; combines ammonia lo glutamate in ATP-driven reaction 

hT&4^ pyrophosphohydrobse/histidinol dehydrogenase; 2nd, 3rd, and lO.b steps of 

Ke andTh^^ ^h^Th^r 1 ^^ 3Citi rCdUC,0iM)n,Cia5C > (^P^^l«>P-nydioxyJacyl) reductoisomerase); second step in Val 

HontxXn^ S 'T mg ) ("r^Kf " d "«™)> ^tep in lysine biosynthesis pathway 

^^^i^PXn^ ' (5 'ndbylletrahydrop.eroyl irighitamate-homocysieine mc.byltransferase), methionine synthase/ 

P^! Ul |f myl ph ? pha,t: , . rduc,i » e (phosphoglulamale dehydrogenase), proline biosynlhelic e»7vme 
Phosphwerm* transammase; mvoNed in synthesis of serine from 3-phosphoEfyceia.e 
1 ryplophan synthase, last (5th) step in tryptophan biosynthesis pathway 

Acnn; involved in cell polarization, endoc>iosis, and other cvtoskele ta I functions 
Adenylate kinase (G IT*: AMP phosphotransferase), cytoplasmic 
Cytosolic acetaldehyde dehydrogenase 

Beta subunit of FJ-ATP synthase; 3 copies are found in each F) oligomer 
Homo og of mammalian 1*1-3 3 protein; has strong similarity to Bmh2p 
Homolog of mammalian 14-3-3 protein; has strong similarity to BmhJp 

w.™r ^^i^ZT- ' cqui,td fM cen diiision ^ ^ m ™ b '=- fu - n 

^^!SX^&^ ™ y bc ,i " t ' ,imi,ine 5,tp in 5,c ' 0 ' hios >- n,hCi " v*"* 

Ran, a Gl P-binilmg pioicin of .he Ras siipcfnmily invoKed in Kaffickinc ihroi.ch nuclca. poics 
InoigaiiK pyiophosphalasf, rrloplasmic 5 v 

^SSS: ° f f - V,0p,aSm 3nU ™ k "* P="' rtf ,hc «NA.p»x-e,sing complex (cleavage factor I); has 4 RNA 

Mannose-1-pho..phate guanyliiansfcjase; GDP-mannoje pyrophosphonlase 

Krbonuclcotidc reductase small subunit 

5-Adenosylmethionimr ^ynlhrlase 1 

5-Adenosylmelhionine synthetase 2 

Ci>pper-zinc superoxide dismutase 

Ubiquitin -activat'mg (El) enzyme 

^ C . m u b 'r ,^ar,i,at^on:,,, > , coniiollcd tumor protein of animal cells and higher plants 
Atkyl hydroperoxide reductase . 

Abundant protein with effects on translalional efficiency and cell size, has two WD |WD-40) repeats 



I ^ ctc P ,ed " ; 7 C U ™ ,h ; Socchoromytn f cnom f *,, al . a « and YPD. Names in parentheses represent rtcrnt chance* 
Couitoywl Proiciwie.. Inc.. reprinted wiih pcrnmsMm. * 
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correlation, confirming a strong correlation between CAI and 
protein abundance (Fig. 3). The relationship between CAI and 
protein abundance is Jog linear from about 1,000,000 to about 
10,000 molecules per cell. We have no data for rarer proteins. 

ft is not clear whether CAI reflects. maximum or average 
levels of protein expression. The proteins used for the CAJ- 
protein. correlation included some proteins which were not 
expressed at maximum levels under the condition of the ex- 
periment (Hsc82, Hspl04, Ssal, Adel, Arg4, His4, and others). 
When these proteins were removed from consideration and 
the correlation between CAI and the remaining (presumably 
constitutive) proteins was recalculated, the r s was essentially 
unchanged (not shown). 

The equation describing the graph in Fig. 3 is log (protein 
molecuJes/ceJl) = (2.3 X CAI) + 3.7. Thus, under certain 
conditions (a CAI of 0.3 or greater; a constitutively expressed 
gene), a very rough estimate of protein abundance con be 
made by raising 10 to the power of [(23 X CAJ) -f 3.7]. 

The distribution of CA) over the genome (Fig. 4) consists of 
a lower, beJKshaped distribution, possibly indicating a region 
where there is.no selection for codon bias, and an upper, flat 
distribution, starting at a CAJ of about 03, possibly indicating 
a region where there is selection for codon bias. Almost all of 
the prot eins whose abundance we have measured are in the 
upper, flat portion of the distribution. In the lower, beJI-shaped 
region, we do not know whether there is a correlation between 
CAJ and protein abundance. 

Changes in protein abundance in glucose and clhnnol. A 
comparison of cells grown in glucose (Fig. 1 A) with cells grown 
in ethanol (Fig. IB) is shown in Table 1. As is well known, 
some proteins aie induced tremendously during growth on 
ethanol. Two striking examples are the peroxisomal enzymes 
Jell (isocitrate lyase) and Cit2 (citrate synthase), which are 
induced in ethanol by more than 100- and 12- fold, respectively 
(Fig. J; Table I). These enzymes are key components of the 
glyoxylatc shunt, which diverts some acetyl coenzyme A 
(aceryJ-CoA) from the tricarboxylic acid cycle to gJnconeogen- 
esis. 5. cerevisiat requires large amounts of carbohydrate for its 
cell wall; in eihnnol medium, this carbohydrate comes from 
gluconeogenesis, which depends on the glyoxylaie shunt and 
on. the glycolytic pathway running in reverse. The need for 



gluconeogenesis also explains why glycolytic enzymes are 
abundant even in ethanol medium. Thus, 2D gel analysis shows 
the prominence of the glycolytic and glyoxylate shunt enzymes 
in cells grown on ethanol, emphasizing that gluconeogenesis, 
presumably largely for production of the eel) wall, is a major 
metabolic activity under these conditions. 

During gluconeogenesis, substrate-product relationships are 
reversed for the glycolytic enzymes. One might expect that not 
all glycolytic enzymes would be well adapted to the reverse 
reaction. Indeed, 2D gels show that in ethanol, Adh2 (alcohol 
dehydrogenase 2) is strongly induced (16), while its isozyme 
Adhl is not greatly affected. Adhl and Adh2 each interconvert 
acetaldehyde and ethanol. Adhl has a relatively high K m for 
ethanol (17 mM), while Adh2 has a lower K m (0.8 mM) (5). 
Thus, it is thought that Adbl is specialized for glycolysis (ac- 
etaldehyde to ethanol), while Adb2 is specialized for respira- 
tion (ethanol to acetaldehyde) (5, 29). Similarly, Enol (enolase 
1) is induced in ethanol, while its isozyme JEno2 (enolase 2) 
decreases in abundance (Table 1) (4, 19). Enol is inhibited by 
2-phosphogrycerate (tbe glycolytic substrate), while Eno2 is 
inhibited by phosphoenolpyruvate (the gluconeogenic sub- 
strate) (4). Perhaps Enol has a lower K m for phosphoenol- 
pyruvate than does Eno2, though to our knowledge this has not 
been tested. Thus, the 2D gels distinguish isozymes specialized 
for growth on glucose (Adhl and Eno2) from isozymes spe- 
cialized for ethanol (A dh2 and Enol). 

Many heat shock proteins (e.g., Flsp60, Hsp82. Hspl04, and 
Kar2) were about twofold more abundant in ethanol medium 
than in glucose medium. This is consistent with the increased 
heat resistance of cells grown in ethanol (3). 

Enzymes involved in protein synthesis (Efil, RpaO, and TO 1) 
were about twice as abundant in glucose medium as in ethanol 
medium. This may reflect the higher growth rate of the cells in 
glucose; 

Phosphorylation of proteins. To examine protein phosphor- 
ylation, we labeled cells with 32 P and ran 2D gels to examine 
phosphoproleins. About 300 distinct spots, probably represent- 
ing 150 to 200 proteins, coujd be seen on pH 4-8 gels (Fig. 5B). 
We then aligned autoradiograms of three gels, each with a 
different kind of labeled protein ( 32 P only |Fig. 5B], 32 P plus 
35 S |Fig. 5A], and 35 S only [not shown, but see Fig. 1 for . 
example]). In this way, we made provisional identification of 
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some of Ihe 32 P-labeled spots as particular 35 S : Iabeled spots. 
All such identifications are somewhat uncertain, since precise 
alignments are difficult, and of course multiple spots may ex- 
actly comigrate. Nevertheless, .we believe that most of Ihe 
provisional identifications are probably correct. Among the 
major 32 P-labeled proteins are the bexokinases Hxkl and 
HxJtZ the acidic rihosome-associated protein RpaO, the trans- 
lation factors Yef3 and Eib], and probably Hsp70 heat shock 
proteins of the Ssa and Ssb families. RpaO and Efbl are quan- 
titatively monophosphorylaled. 

Many yeast proteins resolve into multiple spots on these 2D 
gels (7). Yef3 has five or more spots, at least four of which 
comigrate with 32 P. Tpil has a major spot showing no 32 P 
labeling and a minor, more acidic spot which overlaps with 
some 32 P label. Tif) has at least seven spots (7); two of these 
overlap with some ^P label, but five do not (Fig. 5). Eft! has 
al least three spots (7), and none of these overlap with 32 P, 
although there are three nearby, unidentified 32 P-labeJed spots 
(a, c, and d in Fig. 5). Spots that seem to be extra forms of 
Me 1 6, PdcJ, Eno2, and FbaJ can be seen in Fig. 6A, but there 
is little 32 P at these positions in Fig. 5. Thus, phosphorylation 
explains some but not all of the different protein isoforms seen. 

The cell cycle is regulated in part by phosphorylation. We 
compared 32 P-labeIed proteins from cells synchronized in G, 
with o-factor, in cells synchronized in Gj by depletion of Gj 
cyclins, and in cells synchronized in M phase with nocodazole. 
Only very minor differences were seen, and these were difficult 
to reproduce. The cell cycle proteins regulated by phosphory- 
lation may not be abundant enough for this technique to be 
applied easily. 

Centrifugal fractionation. We fractionated 35 S-Iabeled ex- 
tracts by centtifugation (Materials and Methods). Figure 6A 
shows the proteins in the supernatant of a high-speed 
(lOaOOU X g ; 30 min) centrifugation, while Fig. 6B shows the 
proteins in the pellet of a low- speed (16 r 000 X JO min) 
centrifugation. Many proteins are tremendously enriched in 
one fraction or the other, while others arc present in both. 



Most glycolytic enzymes (e.g., Tdh2, Tdh3, Eno2, Pdcl, AdhJ, 
and Fbal) are enriched in the supernatant fraction. The only 
exception is Pfkl (not indicated), which is found in both pellet 
and supernatant fractions. Many proteins involved in protein 
synthesis (EftT Yef3, Prtl, Tif], and RpaO) are in the pellet, 
possibly because of the association of ribosomes with the en- 
doplasmic reticulum. However, EfbJ is in the supernatant, as is 
a substantial portion of the Eft J. Perhaps surprisingly, several 
mitochondrial proteins (Aip2 (not shown) and Jlv5) are largely 
in the supernatant. Perhaps glass bead breakage of cells re- 
leases mitochondrial proteins. The nuclear protein GspJ is in 
the pellet fraction. The enrichment produced by centrifugation 
makes it possible to see minor spots which are otherwise poorly 
resolved from surrounding proteins. Figure 6B shows that the 
previously identified Tifl spot is surrounded by as many as six 
other spots that effraction ate. We observed six identical or 
very similar additional spots when we overexpressed Tifl from 
a high-copy-number pjasmid (not shown). Signal overlaps only 
one or two of these spots in 32 P- labeling experiments (Fig. 5), 
and so the different forms are not mainly due to different 
phosphorylation states. 

DISCUSSION 

Our experience with developing a 2D geJ protein database 
for S. cerevbioe is summarized here. With current technology, 
we can see the most abundant J ,200 proteins, which is about 
one-third to one-quarter of the proteins expressed. The re- 
maining proteins will be difficult to see and study with the 
methods that we have used, not because of a lack of sensitivity 
but because weak spots are covered by nearby strong spots. 

Of the 1,200 proteins seen, we have identified 348, with a . 
bias toward Ihe most abundant proteins. Steady application of 
the methods already used would allow identification of most of 
the remaining proteins. Gene over expression will be particu- 
larly useful, since it is not affected by the lower abundance of 
(he remaining visible proteins. 
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2D gels of the kind that we have used aie not suitable for 
visualization of rare proteins.. However it wiJ] be possible to 
study on a global basis metabolic processes involving relatively 
abundant proteins, such as protein synthesis, glycolysis, glu- 
coneogenesis, amino acid synthesis, cell wall synthesis, nucle- 
otide synthesis, lipid metabolism, and the heat shock response. 

Gygi et at. (10) have recently completed a study similar to 
ours. Despite generating broadly similar data, Gygi et aL 
reached markedly different conclusions. We believe that both 
mRNA abundance and codon bias are useful predictors of 
protein abundance. However, Gygi et al. feel that mRNA 
abundance is a poor predictor of protein abundance and that 
"codon bias is not a predictor of either protein or mRNA 
levels" (10). 'These different conclusions are partly a matter of 
viewpoint. Gygi et al. focus on the fact that the correlations of 
mRNA and codon bias with protein abundance are far from 
perfect, while we focus on the fact that, considering the wide 
range of mRNA and protein abundance and the undoubted 
presence of other mechanisms affecting protein abundance, 
the correlations are quite good. 

However, the different conclusions are also partly due to 
different methods of statistical analysis and to real differences 
in data. With respect to statistics, Gygi et al. used the Pearson 
product-moment correlation coefficient (r p ) to measure the 
covariance of mRNA and protein abundance. Depending on 
the subset of data included, their r values ranged from 0.1 to 
0.94: Because of the low r p values with some subsets of the 
data, Gygi et al. concluded that the correlation of mRNA to 
protein was poor. However, the r correlation is a parametric 
statistic and so requires variates following a bivariate normal 
distribution; that is, it would be valid only if both mRNA and 
protein abundances were normally distributed. In fact, both 
distributions are very far from normal (data not shown), and so 
a calculation of r is inappropriate. There was no statistical 
backing for the assertion that codon bias fails to predict pro- 
tein abundance. 

We have taken two statistical approaches. First, we have 
used the Spearman rank correlation coefficient (r,). Since this 
statistic is nonparametric. there is no requirement for the data 
to be normally distributed. Using the r 3y we find that mRNA 
abundance is well, correlated with protein abundance (r s - 
0.74), and the CA1 is also well correlated with protein abun- 
dance (r s ~ 0.80) (and also with mRNA abundance [data not 
shown]). For the data of Gygi et al. (10), we obtained similar 
results, though with their data the correlation is not as good; r s 
= .0.59 for the mRNA^to-protein correlation, and r s = 0.59 for 
the codon bias-to-prolein correlation. 

In a second approach, we transformed the mRNA and pro- 
tein data to forms where they were normally distributed, to 
allow calculation of an r p (Materials and Methods). Two trans- 
formations, Box-Cox and logarithmic, were used; both gave 
good correlations with our data |e.g„ r p - 0.76 for Jbg(adjusted 
RNA) to log(protein)). Wc were not able to transform the data 
of Gygi et al. to a normal distribution. 

Finally, there are also some differences in data between the 
two studies. These may be partly due to the different measure- 
ment techniques used: Gygi et al. measured protein abundance 
by cutting spots out of gels and measuring the radioactivity in 
each spot by scintillation counting, whereas we used phospho- 
rimaging of intact gels coupled to image analysis. We com- 
pared our data to theirs tor the proteins common between the 
studies (but excluding proteins whose mRNAs are known to 
differ between rich and minimal media, and excluding Tifi, 
which was anomalous in differing by 3 00- J of d between the two 
data sets). The r s between the two protein data sets was 0.88 
[P < 0.0001). Although this is a strong correlation, the fact that 



it is less than 1.0 suggests that there may have been errors in 
measuring protein abundance in one or both studies. After 
normalizing the two data sets to assume the same amount of 
protein per cell, we found a systematic tendency for the protein 
abundance data. of Gygi et al. to be slightly higher than ours for 
the highest-abundance proteins and also for the lowest-abun- 
dance proteins but sJightly lower than ours for the middle- 
abundance proteins. These systematic differences suggest some 
systematic errors in protein measurement. Although we do. not 
know what the errors are, we suggest the following as a rea^. 
sonable speculation. For the highest-abundance proteins, we 
may have underestimated the amount of protein because of a 
slightly nonlinear response of the phosphor imager screens. For 
the lowest-abundance proteins, Gygi et al. may have overesti- 
mated the amount of protein because of difficulties in accu- 
rately aiding very small spots out of the gel and because of 
difficulties in background subtraction for these small, weak 
spots. The difference in the middle abundance proteins may be 
a consequence of normalization, given the two errors above. 

The low-abundance proteins in the data set of Gygi et al. 
have a poor correlation with mRNA abundance. We calculate 
that the r s is 0.74 for the top 54 proteins of Gygi et al. but only. 
0.22 for the bottom 53 proteins, a statistically significant dif- . 
fcrence. However, with our data set, the r s is 0.62 for the top 33 
proteins and 0.56 (not significantly different) for the bottom 33 
proteins (which are comparable in abundance to the bottom 
53 proteins of Gygi et a I.). Thus, our data set maintains a good 
correlation between mRNA and protein abundance even at 
Jow protein abundance. This is consistent with our speculation 
that protein quantification by phosphorim aging and image 
analysis may be more accurate for small, weak spots than is 
cutting out spots followed by scintiffation counting. Our rela- 
tively good correlations even for nonabundant proteins may 
also reflect the fact that we used both SAGE data and RNA 
hybridization data, which is most helpful for the least abundant 
mRNAs. In summary, we feel that the poor correlation of 
protein to mRNA-for the nonabundant proteins of Gygi et a J. 
may reflect difficulty in accurately measuring these nonabun- 
dant proteins and mRNAs. rather than indicating a truly poor 
correlation in vivo. Jt is not surprising that observed correla- 
tions would be poorer with less- abundant proteins and 
mRNAs, simply because the accuracy of measurement would 
be worse. 

How well can mRNA abundance predict protein abun- 
dance? With r p = 0.76 for logarithmically transformed mRNA 
and protein data, the coefficient of determination, (r p ) 2 7 is 0.58. 
This means that more than half (in Jog space) of the variation 
in protein abundance is explained by variation in mRNA abun- 
dance. When converted back to arithmetic values, protein 
abundances vary over about 200-fold (Table 1), and {r p ) 2 — 
0.58 for the Jog data means that of this 200- fold variation, 
about 20-foJd is explained by variation in the abundance of 
mRNA and about 10- fold is unexplained (but could be due 
partly to measurement errors). For proteins much Jess abun- 
dant than those considered here, we imagine the in vivo cor- 
relation between mRNA and protein abundance will be worse, 
and other regulatory mechanisms such as protein turnover will 
be more importani. 

Some important conclusions can be drawn from this sam- 
pling of the proteome. First, there is an enormous range of 
protein abundance, from nearly 2,000.000 molecules per cell 
for some glycolytic enzymes to about 100 per cell for some cell 
cycle proteins (26a). Second, about half of at! cellular protein 
is found in fewer than 100 different gene products, which are 
mostly involved in carbohydrate metabolism or protein synihe- 
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sis. Third, the correlation between protein abundance and CAJ 
is )og linear as far as we can sec, which is from about 10,000 
protein molecules per cell to about 1,000,000. This is somewhat 
surprising, because it implies that selective forces for codon 
bias are significant even at moderate expression levels. It also 
means that codon bias is a useful predictor of protein abun- 
dance even for moderately low bias proteins. Fourth, there is a 
good correlation between pTOtein abundance and mRNA 
abundance for the proteins that we have studied. This validates 
the use of mRNA abundance as a rough predictor of protein 
abundance, at least for relatively abundant proteins. Fifth, for 
these abundant proteins, there are about 4,000 molecules of 
protein for each molecule of mRNA. This last conclusion 
raises questions as to how the levels of nonabundarit proteins 
are regulated and suggests that protein instability, regulated 
translation, suboptimal rates of translation, and other mecha- 
nisms in addition to transcriptional control may be very impor- 
tant for these proteins. ' . 
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Pre-translational regulation of cytochrome P450 genes is responsible for 
disease-specific changes of individual P450 enzymes among patients with 
cirrhosis. 

George J, Liddle C, Murray M. Byth K Farrell G C. 

Department ^of Gastroenterology and Hepatology, Universityof Sydney at Westmead 
Hospital, NSW, Australia. . . 

We have recently reported that disease-specific differential alterations in the hepatic 
expression of xenobiotic-metabolizing cytochrome P450 (CYP P450) enzymes occur in 
patients with advanced liver disease. In order to determine whether the observed changes 
in CYP projeins are modulated at pre- or post-translational levels, we have now examined 
the hepatic levels of mRNA for CYPs 1 A2, 2C9, 2E1 and 3A4 by solution hybridization 
in the same livers of20 controls (surgical waste from histologically normal livers) 32 
cases of hepatocellular and 18 of cholestatic severe chronic liver disease. CYPl Ai 
mRNA and CYPl A immunoreactive protein were both reduced in livers with 
hepatocellular and cholestatic types of cirrhosis. In contrast, CYP3A4 mRNA and protein 
were reduced only in livers from patients w?th hepatocellular diseases. For 1A2 and 3A4 
there were significant correlations between mRNA species and the respective protein 
contents (rS I A2 = 0.74, rS3A4 = 0.64, P < 0.0001). CYP2C9 mRNA was reduced in 
patients with bofli cholestatic and hepatocellular types of li ver disease, but 2C protein 
^ r ^" Ced t> ^ y in P atients with cholestatic dysfunction. The correlation between 
CYP2C9 mRNA and protein, was also significant (rs 0.36, P < 0.005) but mRNA levels 
accounted for only 13% of the variability in protein rankings. This is probably a 
consequence of other CYP2C proteins apart from 2C9 being detected by the anti-2C 
antibody. CYP2E1 mRNA and protein were reduced in patients with cholestatic liver 
disease, but in hepatocellular disease the expression of only CYP2E1 mRNA was 
decreased. CYP2E1 mRNA was significantly correlated with CYP2E1 protein but 
accounted for only 1 8% of the variability in protein rankings (rs = 0 43 P < 0 0005) 
Taken collectively these data indicate that the disease-specific alterations of xenobiotic- 
metabolizing CYP enzymes among patients with cirrhosis is due, at least in part to pre- 
translational mechanisms. The lack of a strong correlation between CYP2E1 mRNA and 
protein suggests that this gene, like its rat orthologue, may be subject to pre-translational 
as well as translational and/or post-translational regulation. 

PMID: 7741759 [PubMed- indexed for MEDLINE] 
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Cyclooxygenasc-2 expression in macrophages: modulation by protein 
kinase C-alpha. 

Giroux fM , Descotcaux A . 

instkut National de la Recherche Scientifique-Institut Armand -Frapp ier, Universite du 
Quebec, Laval, Canada. 

Cyclooxygenase-2 (COX-2) is an inducible enzyme responsible for high levels of PO 
production during inflammation and immune responses. Previous studies with 
pharmacological inhibitors suggested a role for protein kinase C (PKC) in PG production 
possibly by regulating COX-2 expression: In this study, we addressed the role of PKC- 
alpha m the modulation of COX-2 expression and PGE2 synthesis by the overexposing 
of a dominant-negative (DN) mutant of this isoenzyme in the mouse macrophage cell line 

r do iS 4 ' 7 " WC ,nvesti S ated me effect of various stimuli on COX-2 expression, namely, 
LPS, IFN-gamma, and the intracellular parasite Leishrnania donovani. Whereas LPS- 
mduced GOX-2 roRNA and protein expression were down-regulated in DN PKC-alpha- 
overexpressing clones, IFN-gamma-induced COX-2 expression was up-regulated in DN 
PKC-alpha-overexpressing clones with respect to normal RAW 264 7 cells 
Measurements of PGE2 levels revealed a strong correlation between PGE2 secretion and 
.IFN-gamma-induced COX-2 mRNA and protein levels in DN PKC-alpha-overexpressing 
clones. Taken together, these results suggest a role for PKC-alpha in the modulation of 
LPS- and IFN-gamma-induced COX-2 expression, as well as in IFN-gamma-induced - 
PGE2 secretion. 



PMID: 1 1034408 [PubMed - indexed for MEDLINE] 
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Transcript profiling of human platelets using microarray and serial 
analysis of gene expression. 

Gnatcnko DV, Dunn JJ, McCorkle SR . Weissmann D . Perrotta PL . Dahou WF 

Department of Medicine, Program in Genetics, State University of New York Stony 
Brook 1 1 794-8 151, USA. ' 

Human platelets are anucleate blood cells that retain cytoplasmic niRNA and maintain 
functionally intact protein translation^ capabilities. We have adapted complementary 
tecliniques of microarray and serial analysis of gene expression (SAGE) for genetic 
profiling of highly purified human blood platelets. Microarray analysis using the 
Affymetrix HG-U95Av2 approximately 12 600-probe set maximally identified the 
expression of 2147 (range, 13%-17%) platelet-expressed transcripts, with approximately 
22% collectively involved in metabolism and receptor/signaling, and an 
overrepresentation of genes with unassigned function (32%). [n contrast, a modified 
SAGE protocol using the Type IIS restriction enzyme Mmei (generating 2 1 -base pair 
[bp] or 22-bp tags) demonstrated that 89% of tags represented mitochondrial (mt) 
transcripts (enriched in 16S and 12S ribosomal RNAs), presumably related to persistent 
mt-transcription in the absence of nuclear-derived transcripts. The frequency of non-mt 
SAGE tags paralleled average difference values (relative expression) for the most 
"abundant" transcripts as determined by microarray analysis, establishing the 
concordance of both techniques for platelet profiling. Quantitative reverse transcription- 
polymerase chain reaction (PCR) confirmed the highest frequency of mt-derived 
transcripts, along with the mRNAs for neurogranin (NGN, a protein kinase C substrate) 
arid the complement lysis inhibitor clusterin among die top 5 most abundant transcripts. 
For confirmatory characterization, immunoblots and flow cytometric analyses were 
performed, establishing abundant cell-surface expression of clusterin and intracellular 
expression of NGN. These observations demonstrate a strong correlation between high 
transcript abundance and protein expression, and diey establish the validity of transcript 
analysis as a tool for identifying novel platelet proteins that may regulate normal and 
pathologic platelet (and/or megakaryocyte) functions. 
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Transcript profiling of human platelets using microarray and serial analysis 
of gene expression 

Dmitri V. Gnatenko, John J. Dunn, Sean R. McCorkle, David Wetssmann, Peter L. PerFOtta, and Wadte F. Bahou 



Human platelets are anucleate blood cells ' 
that retain cytoplasmic mRNA and main- 
tain functionally intact protein transla- 
tional capabilities. We have adapted 
complementary techniques of microarray 
and serial analysis of gene expression 
(SAGE) for genetic profiling of highly 
purified human blood platelets. Microar- 
ray analysis using the Affymetrtx HG- 
U95Av2 approximately 12 600-probe set 
maximally identified the expression, of 
2147 (range, 13%-17%) platelet- expressed 
transcripts, with approximately 22% col- 
Jectively involved in metabolism and re- 
ceptor/signaling, and an overrepresenta- 
tion of genes with unassigned function 
(32%). In contrast, a modified SAGE proto- 
col using the Type IIS restriction enzyme 

Introduction 



Mmct (generating 21-base pair |bp) or 
22-bp tags) demonstrated that 89% of 
tags. represented mitochondrial (mt) tran- 
scripts (enriched in 16S and 12S ribo- 
somal RNAs), presumably related to per- 
sistent mt-transcrtption in the absence of 
nuclear-derived transcripts. The fre- 
quency of non-mt SAGE tags paralleled 
average difference values (relative expres- 
sion) for the most "abundant" transcripts 
as determined by microarray analysis, 
establishing the concordance of both 
techniques for platelet profiling. Quantita- 
tive reverse transcription-polymerase 
chain reaction (PCR) confirmed the high- 
est frequency of mt-derived transcripts, 
along with the mRNAs for neurogranin 
(NGN, a protein kinase C substrate) and 



the complement lysis inhibitor clusterin 
among the top 5 most abundant tran- 
scripts. For confirmatory characteriza- 
tion, immunoblots and flow cytometric 
analyses were performed, establishing 
abundant cell-surface expression of clus- 
terin and intracellular expression of NGN. 
These observations demonstrate a strong 
correlation between high transcript abun- 
dance and protein expression, and they 
establish the validity of transcript analy- 
sis as a tool for identifying novel platelet 
proteins that may regulate normal and 
pathologic platelet (and/or megakaryo- 
cyte) functions. (B)ood. 2003;101:2285-2293) 
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Human blood plalelets pi ay critical roles in normal hemostatic 
processes and pathologic conditions such as thrombosis, vascular 
remodeling, inflammation, and wound repair. Generated as cytoplas- 
mic buds from precursor bone marrow megakaryocytes, platelets 
are anucleate and lack nuclear DNa\, although they retain 
megakaryocyte- derive J mRNAs.'- 7 Platelets contain rough endo- 
plasmic reticulum and polyribosomes, and they retain the ability 
for protein biosynthesis from cytoplasmic mRNA. 3 Quiescent 
platelets generally display minimal translations! activity, although 
newly formed platelets such as those found in patients with 
immune thrombocytopenic purpura (1TP) synthesize various a-gran- 
ule and membrane glycoproteins (CPs), including GPJb and 
GPllb/Ula (a )Jb p 3 ). Furthermore, stimulation of quiescent platelets 
by agonists such as a -thrombin increases protein synthesis of 
various platelet proteins, including Bcl-3. 4 Like nucleated cells, the 
rapid translation of preexisting mRNAs may be regulated by 
integrin ligation to extracellular matrices.' )n the case of platelets, 
the primary integrin involved in. this process appears to be a, Itf p 3 
with cooperative signals mediated by the collagen receptor «:p|. 6 ' 7 



Integrin- media ted platelet protein synthesis appears to be regulated 
at the level of translation initiation involving the eukaryotic 
initiation factor 4E (elF4E)- Instead of directly influencing eIF4E 
activity via post trans I a ti on al modifications (>e, phosphorylation), 
platelet e)F4E activity best correlates with its spatial redistribution 
to the mRNA-enriched cytoskeleton. 8 Furthermore, because pro- 
tein translation is partially inhibited by the immunosuppressant 
rapamycin. it suggests that adhesion* and/or aggregation- induced 
outside-in- signaling function to regulate protein synthesis through 
the mTOR (mammalian target of rapamycin) path way. *>- 8 * 9 . 

Despite the biologic importance of platelets and their intact 
protein synthetic capabilities, remarkably little is known about 
platelet mRNAs. Younger platelets contain larger amounts of 
mRNA with a greater capacity for protein synthesis, as determined 
by using fluorescent nucleic acid dyes such as thiazole orange. 10 
This assay has been used as a quantitative determinant of younger 
or "reticulated" platelets (RPs). Indeed increased reticulated plate- 
lets are typically found in patients with conditions associated with 
rapid platelet turnover such as JTP; typically RP percentages in 
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such patients approach 10% to 20% of all platelets, considerably 
higher than in healthy control subjects. 11 Interestingly^ high RPs 
have been associated with enhanced thrombotic risk when identi- 
fied in patients with thrombocytosis, 10 suggesting that quantita- 
tively increased mRNA levels may be associated with the prothrom- 
botic pbcnotype. Whether this is related lo globally altered gene 
expression profiles or to select changes more evident during 
situations of rapid platelet turnover remains unknown. Certainly, 
technical limitations of this assay limit its utility in defining 
prothrombotic genotypes, 1 ^ , 2 and it cannot identify differentially 
expressed genes that may be causally implicated in disordered 
platelet phenorypes. 

Toward the goal of defining the molecular anatomy of the 
platelet genome, we have adapted complementary techniques of 
microarray and serial analysis of gene expression (SAGE) for 
genetic profiling of highly purified human blood platelets. Microar- 
ray technology represents a "closed" profiling strategy limited by 
the target genes imprinted onto gene chips. In contrast, SAGE is an 
"open" architectural system that can be used to identify novel genes 
and to quantify differentially expressed mRNAs. m5 The sequence 
of each tag along with its positional location uniquely identifies the 
gene from which it is derived, and differentially expressed genes 
can be identified in a quantitative manner because the tag frequency 
reflects the mRNA level at the lime of cellular harvest and analysis. 
By using both technologies, we have identified a number of 
previously uncbaracterized genes that appear to be expressed in 
human platelets, while simultaneously establishing the dominant 
frequency of mitochondrial- expressed genomes comprising the 
platelet rnRNA pool. These observations provide a panoramic 
overview of ihe platelet transcriptome, while additionally provid- 
ing insights into the molecular pathways regulating platelet (and/or 
megakaryocyte) function in normal and pathologic conditions- 



Materials and methods 

Reagents and supplies 

Thermu5 aquaticw (Tnq) polymerase was purchased from (Roche, Indianap- 
olis. IN), T't DNA lipase was purchased from Jnvrtrogen (Carlsbad. CA), 
and restriction enzymes were from New England Biotabs (Beverly, MA), 
except for Mmel, which was obtained from ihe Center for Technology 
Transfer (Gdansk, Poland). All oligonucleotides were synthesized on an 
Applied Biosys terns (Faster City, CA) 3-channeI synthesizer and are listed 
in Table I. Monoclonal antibodies' used for flow cytometric analysis 
included the F1TC (fluorescein isorbi6cyanaie)-conjugated anti-CD*!! 
(oirofo) immunoglobulin Gl (IgGl; Immunotecb, Miami, FL); phyco- 
erythrin (PE)- conjugated aniiglycophorin (IgG2; Bee ton Dickinson Ph arm- 
ing en. San Diego, CA); and peridinin chlorophyll protein (PER CP)- 
conjugated anii-CD-J.5 (lgCl: Dec ton Dickinson Pharmingcn). 

Platelet isolation, purification, and immunodetection 

AH human subjects provided informed consent for an IRB (Institutional 
Review Boa id) -appn >\cd protocol completed in conjunction with the 
General Clinical Research Center ai Stony Brook University Hospital. 
Peripheral blood (?f> mL.i from healthy volunteers drawn into 2 ml of 4% 
sodium fit i ale t0.'t% vol "vol final concentration) was used to isolate 
erythrocytes hv differential centrifugal ion ( 1 .^00^) or to isolate pure 
leukocytes by densn\ -^iadieitt cenitiftigation as previously described."' 
Platflets collceu-tl fi.-.m healthy \olu'nteets by apheicsis were used within 
24 hours of collection After addition of 2 mM F:D7A (ethvlenediamineiei- 
raacciic acid), apheies is derived platelets from a single donor weic 
centrifuged ai M0;.> for l!> minuies ai ?5°C. To minimize leukocyte 
contamination, only il>e upper 9/10 of the platelet- rich plasma (PRP) was 



used for gel filtration over a BioGel A50M column (1000 mL total vohime) 
equilibrated with HBMT (HEPES-buffered modified Tyrodes buffer. 10 
mM HEPES {Af , -2-hyuroxyethylpipcrazine-7V r -:2-ethanesulfonic acid} pH 
7.4, 150 mM NaCI, 2.5 mM KCh 0.3 mM NaH 2 P0 4 , 12 mM NaHCOj, 
0.2% bovine serum albumen [BSA}„ 0.J% glucose, 2 mM EDTA), 
Gel-filtered platelets (GFPs) were subsequently filtered through a 
nomvetting nylon filament filter (BioDesign, Carroel, NY) at 25°C and 
harvested by centrifugation at I500# for 10 minutes at 25°C. Platelets were 
gently and thoroughly resuspended in 10 mL HBMT buffer and incubated 
with 120 u,L murine monoclonal anti-CD45 antibody conjugated lo 
magnetic microbeads (Miltenyi Biotec, Bergisch Gladbach, Germany) on a 
rotating platform for 45 minutes at 25°C Magnetic separation columns 
were used to capture CD45* cells (leukocyte fraction) by positive selection 
. (MACS H; Miltenyi Biotec). Purified platelets were concentrated by 
centrifugation at 1500g and immediately used for total RNA isolation. 

The efficiency of platelet purification was documented at each step by 
flow cytometry. 17 Briefly, aliquots containing 2 X I0 6 platelets were 
incubated with saturating concentrations of FITC-conjugated ariti-CXMl, 
PE-conjugaled aniiglycophorin, and PERCP-conjugated anti-CD45 for 15 
minutes in the dark at 25°C, washed with phosphate-buffered saline (PBS), 
and fixed in PBS/1% formalin. Samples were analyzed using a FACScan 
(fluorescence-activated cell sorter scan) flow cylometer (Bee ton Dickinson) 
using CELLQuest software designed lo quantify the number of CD45 + and 
glycophorin- positive events in the sample (expressed as Ihe number of 
events per 100 000 CD41 + events). For some experiments, fixed platelets 
were permeabilized with 0. 1% Trilon-X/PBS for 30 minutes at 25°C prior 
to the addition of primary antibodies, all as previously described..' 7 

Platelet protein detection was completed by sodium dodecyl sulfate 
(SDS)-polyacrylamide gel electrophoresis (PAGE) and immunoblot analy- 
sis as previously described, using the species- specific horseradish pcroxidase- 
conjugated secondary antibody and enhanced cbemiluminescence. ,6 Anti- 
bodies included the aniicJusterin monoclonal antibody (Quidel, Santa Clara, 
CA; i:1000 primary and I: JO 000 secondary) and the antineurogranin 
rabbit polyclonal antibody (Chermcon International, Temecula, CA; 1: 1000 
primary and 1:10 000 secondary). 

Molecular analyses and microarray profiling 

Purified, individual cell fractions were resuspended in 1 0 mJL Trizol reagent 
(lnvitrogen), transferred into diethylpyrocarbonote (DE PC)- treated Corex 
(Springfield, MA) tubes, and serially purified and precipitated by using 
isopiopanol essentially as previously described.'* Total cellular RNA was 
harvested by centrifugation at 12 500g for 20 minutes at 4°C, washed 2 
times with 75% ethanol (10 mlViube). and resuspended in 100 pX 
DEPC-treated water. Platelet. mRNA quantitation was performed by using 
fluorescence- based real-time PCR (polymerase chain reaction) technology 
(TaqMari Real-Time PCR; Applied Biosystems, Foster City. CA). Oligonu- 
cleotide primer pairs were generated by using Primer 3 software (www- 
genome. wi.mit.edu), designed to generate approximately 200-base pair 
(bp) PCR products at the same annealing temperature, and are outlined in 
Table I. Purified platelet mRNA (4 jig) was used for first-strand cDNA 
synthesis using oligo(dT) and Superscript II reverse transcriptase (lnvitro- 
gen). For real-time reverse transcription (RT)-PCR analysis, the RT 
reaction was equally divided among primer pairs and used in a -10-cycle 
PCR reaction for each target gene by using ihe following cycle: 94°C for 30 
seconds, 55°C for 30 seconds, 72°C for I minute, and 7J°C for 10 seconds 
(40 cycles total). mRNA levels were quantified by monitoring real-time 
fluoromeiric intensity of SYBR green I. Relative -mRNA abundance was 
determined from triplicate assays performed in parallel for each primer pair 
and was calculated by using the comparative threshold cycle number (^-O 
method) as previously described.' 1 

Gene expression profiles were completed by using the approximately 
1? 600- probe set HG-U95Av2 gene chip (Affyinetrix. Santa Clara, CA). 
Tola! cellular RNA (.*> rig) was used for cDNA synthesis by using 
Supei Script Choice system (Life Technologic;.. Roclcville. MD) and an 
olico(dl') primer containing the 77 polymera.se recognition sequence 
(Primer Si; Table 1), followed by cDNA purification using GFX spin 
columns. In vitro transcription was completed in the presence of biotinyl- 
aied ribonucleotides by using a BioArray Mi^h Yield RNA Transcript 
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Table 1. Oligonucleotide primers 



Primer 




f^prtA anrf nf imnr 
direction 


SI 




Ofigo (dT) 


Cassette A 




SAGE 


Cassette B 




SAGE 


- 

S2 




SAGE 


S3 




SAGE 


GP4 




Glycoprotein IIB |FJ 


GPS 




Glycoprotein IIB [RJ 


GP6 




Glycoprotein II1A |F] 


GP7 




Glycoprotein II1A |R) 


PARIS 




PARI IF) 


PAR19 




PARI [RJ 


SR8 




16SrRNA (F) 


SR9 




16SrRNA |R) 


NADH10 




NADH2[F) 


NADH11 




NADH2 |R] 


THYM12 




Thymosin JJ4 |F) 


THYM13 




Thymosin 04 |RJ 


CLUS14 




Ousterm'F) 


CLUS15 




Ouster in |RJ 


NRG 16 




Neurogranin |F| 


NRG17 




Neutogiantn [Ft) 






T-ceB receptor 


7CR1B 




ft-chain|Fl 






T-ceB receptor 


7CR19 




p-chain |R| 


CD4520 




CD45 IF) 


CD4521 




CCM5 |R| 



Sequence (5 r - 3') 



Nucleotide 
Position 



5 ' - Bn- GGCCAGTGAftlTX>TAAT7VCGACTCACTATAGGGAGGCGG- < dT) 3 « - 3 ' 
y 

5'- TTTGGATTTGCTGGTCGAGTACAACTAGGCTTAATCCGA CATG - 3 ' 

3* - * CCTAAACGACCAGCTCATGTTGATCCGAATAAGGCTp - 5' 

5 * - pT TCATQ GCCGAGACGTCCGCCACrAGTGTCGCAACTGACTA* - 3 ' 

3 ' - rOTAAGTACCGCCTXTTGCAGGCGGTGATCACAGCGTTGACTGAT- 5' 

-4— . — 

5 * - Bn - GGATTTGCTGGTCGAGTACA- 3 ' 
S' - Bn - TAGTCAGGTGCGACACTAGTGGC- 3 ' 
S'-AGGGCTTTGAGAGACTCATCTGTA-3' 
S ' - ACAATCTTGCTGTTrGGATTCTG- 3 ' 
5 ' - TATAAAGAGGCCACGTCTACCTTC- 3 ' 
5 ' - CACTTCCACATACTGACATTCTCC- 3 ' 
5 ' - AATGTCAGTTCTGATATGGAAGCA - 3 ' 
5 * - CCCAAATGTTCAAACTTCTTTAGC - 3 ' 
5 ' - TG CAAAGGT AGC AT AA TCA CTTGT - 3 ' 
5'-GTTTAGGACCTGTGGGTTTGTTAG-3' 
5 * - CTAGCCCCCATCTCAAATCATATAC- 3 ' 
5' - AATGGTTATGTTAGGGTTGTACGG- 3 ' 
S> AAGACAGAGACGCAAGAGAAAAAT- 3' 
5 * - GCAGCACAGTCATITAAACTTGAT - 3 * 
5' - CCAACAGAATTCATACGAGAAGG- 3 * 
S ' - CGTTATATTTCCTGGTCAACCTCT- 3 ' 
5'- GCCCTTTTAGTTAGTTCTGCAGTC- 3* " 
5 ' - TTTTCTTTAAGTGAGTGTGCTTGG- 3 * 

5 ' - CCACAACTATGTTTTGGTATCGT- 3 ' 

5 ' - CTAGCACTGCAGATGTAGAAGCT- 3 ' 
5 ' - GCTC AGAATGGACAAGTA - 3 ' 
5 ' - CACACCCATACACACATACA - 3 ' 



2094^2117 
.2301-2279 
2335-2358 
2532-2509 

2585- 2608 
2776-2753 

2586- 2609 
2785-2762 
4075-4898 
5075-5052 

135-158 
336-313 
1006-1028 
1222-1199 
135M374 
1567-1544 

131-153 

332-310 
3771-3768 
4280-4261 



IF) indicates forwar d (sense) strand; [RJ. reverse (pntisense) strand; Bn. bk>tin; p. a phosphorylaled 5' end (cassettes A and B); underlining, Nialtt siles in cassettes A and B; 
arrows, cone s ponding sequence (or S2 and S3 within cassettes A and B. respectively: bold, the Mme\ site; and N. A, C, T, or G, nucleotide positron based on the following 
accession numbers: Glycoprotein IIB ( J02764), glycoprotein IIIA (M35999). PARI (M62424), 16S iRNA and NADH2 (NC_ 001807), thymosin 04 (M17733), cluslerin (M2591 5). 
neurograntn (X99076). TCR 0-chain (AF0431B2). CD45 (Y00638). 

'Indicates an amino- modi Tied 3' end in both cassettes; — . not applicable. 



Labeling Kit (Enzo Diagnostics. Fanrringdale. NY), and. after metal- 
induced fragmentation, 15 p-g biotinylaied cRNA was hybridized to the 
HG-U95Av2 oligonucleotide probe anay for 16 hours al 45°C. After 
washing, the cRNA was detected with slreptavidiii-phycoeryibrin (Molecu- 
lar Probes, Eugene, OR) and analysis was completed by using a Hewlett- 
Packard Gene Array Scanner (Affymctrix). The average difference value 
(AO) for each probe sel was quantified using MAS 4.01 software 
fAffymcirij), calculated as an average of fluorescence differences for 
perfectly matched versus single-nucleotide mismatched 25-mer oligonucle- 
otides (16 to 20 oligonucleotide pairs per probe set). The software is 
designed to exclude "positive calls" in the presence of high average 
differences with associated high mismatch intensities. 

SAGE profiles 

I'laielet SAGE libraries were generated essentially as previously de- 
scribed. 1 '' modi lied as outlined in Figure I for the "use of Mme) as the 
tagging enzyme. "This type US restriction enzyme cleaves 20 of 18 bp past 
its nonpalindronric (TCCRAC) recognition sequence, thereby generating 
longer rags (?f- Or 2?-mer) than those obtained using B.imfl as the standard 
tagging cn?ymc (13-14 bp tags). These longer .t/nud- generated tags 
potentially provide for more definitive "lag-to-gene* identification and are 
particularly useful in characterizing expression patterns in ihc absence of 
complete genomic sequence data (comprehensive methods detailed in Dunn 
ct al ,? ). Briefly. poly(A) mRNA was isolated from 10 ng total platelet RNA 
using the oligo-tdT) Si primer conjugated to magnetic heads (Oynal 
Biotech. Lake Success. NY), followed by cDNA synthesis using Super - 
Snip! II icvcise transcriptase t Invitiogen). The cDNA was ihen digested 



with the restriction enzyme A7all) (anchoring enzyme), ligated to cassette A 
using T4 DNA ligase, and, after the beads were extensively washed, the 
cDNA was digested wilh Mme} to release the lags from the beads. After 
purification, tags were ligated to degenerate cassette B linkers (specifically 
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Figure 1, Schema outlining the modified SAGE p»otocol used in plalctct 
analyics. The fmat logs ore Flanked by the W/atll (r>r>ct»oring enzyme) CA1G 
senuence. theteby providing lag-to-gene identification when e>ported to a retationa) 
dati*bi*se (reter to 'Bioiittonnatic analyses* and table t to» detail*.). 
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designed to anneal to ihe nonuniform Mtne\ overhangs), and PCR-amplified 
using btotinylated primers S2 and S3 for 30 cycles (95°C for 30 seconds; 
58°C for 30 seconds; 72*0 for 30 seconds) using Platinum Taq DNA 
polymerase (Gibco BRL). A fraction (20%) of (be pooled PCR products 
were iben subjected to one round of linear amplification using primer pair 
S2/S3, followed by a second round of 25 amplifications using primer S2 
alone (95°C for 30 seconds, 5R°C for 30 seconds, 72°C for 30 seconds); 
Primer S3 was subsequently added for one cycle (95°C for 2.5 minutes, 
58°C for 30 seconds, 72°C for 5 minutes); the latter steps were collectively 
adapted to exclude heteroduplex formation." Unincorporated primers were 
removed by incubation with 200 U Escherichia coii exonuc lease I for 60 
minutes at 37°C PCR products were then pooled and digested with AVoIlI 
to release tags, and biotinylatcd linker arms were cleared using strepta vidin- 
coated immunoaffinity magnetic beads (Dynal Biotech). Tags were con- 
catamerized using 5 U/pL T4 DNA Hgase, and products more than 100 bp 
were isolated by size- fractionation in low-melting agarose gels. The DNA 
was purified by GFX spin columns, and the concatamcrs were cloned into 
XhcSphl site of pZero (Invilrogen). After transformation into Ecoli TOP 10 
cells, recombinant clones were isolated and sequenced in 96- well microliter 
plates using, an AB1 377 sequencer and ABI Prism BigDye terminator 
chemistry (Per kin- Elmer Applied Biosy stems. Branchburg, NJ). . 
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Figure 2. Determination of platelet purity. (A) Total celtuter RNA {1.8 t»g) from 
platelet- rich plasma {PRP) or purified platelets from a single apberesis donor were 
analyzed by RT-PCR (35 cycles) using oligonucleotide primers specific (or glycopro- 
tein lib (GPtlb), T-cell receptor p-chain fT CR0), or CD45; 10 ol the 50 ixl reactions 
were analyzed by ethkfium-stalned agarose gel electrophoresis. Minima} to no 7 CRp 
gene product was visually evident only in PRP. Size markers corresponding to 
HaeM-restricted 4X174 DMA are shown. (B) Real- time RT-PCR was completed by 
using 1.8 jxg total RNA and TCRp-speciftc oligonucleotide primers optimized for 
quantitative analysis by real-time PCR. 18 On the basis of parallel determinations 
using RNA isolated from known amounts of purified leukocyte standards, the 
leukocyte-depletion protocol represents an approximate 2. 5- tog purification from the 
starting PRP. Results are representative of one complele set of experiments repeated 
on 2 separate occasions, and data points represent Ihe mean from triplicate welts, 
with standard enors of the mean (SE M) less than 1 % (not shown). 



Bioinformatic analyses 

Functional grouping of genes determined to be present by Affymetrix MAS 
4.0) software was performed using a dChip program linked to the National 
Center for Biotechnology LocusLink, which is an annotated reference 
database for genes and their postulated functions. 70 Of the approximately 
12 600-probe sets represented on the Affymetrix HG-U95Av2 Gene chip, 
functional annotations exist for approximately 8100 with the remainder 
categorized as unknown. Microarray data were visualized and analyzed 
using BRB- Array Tools software (Version 2.1), kindly developed and 
provided by Dr Richard Simon and Amy Peng (Iinus.nci.nih.gov/BRB- 
ArT3yTools.html). A logarithmic (base 2) transformation was applied to the 
average difference values for individu.nl data sets for determination of 
microarray concordances. Discordancy was defined as a 2-log difference in 
the maximum log intensities between individual experiments. 

SAGE tags were extracted by using in- ho use SAGE software uniquely 
modified to identify Hfme) lags. The software ensures that only unambigu- 
ous 21- to 22-bp tag sequences are extracted for transcript profiling. Tags 
with ambiguities (Ns), lengths other than 21 or 22 bp, or with ambiguous 
orientations were extracted to separate files for manual editing or further 
examination. Finalized data were exported to a relational database for tag 
quantification and genetic identification.* 0 



Results 

Platelet purification 

To ensure that the RNA profiles, accurately represented those of 
circulating blood platelets, a number of complementary methods 
were implemented lo icmovc contaminating nucleated leirkocytes. 
Purificatiorj methods incorporating ge\ filtration, a 5-ixm leukocyte 
reduction filter, and magnetic Gl>15 immunodeplelion allowed for 
the cumulative enrichment ol highly purified platelets. The efficacy 
of this purification method was initially established by using 
peripheral blood platelet-rich plasma as the starting material. The 
final product contained no more than 3 lo 5 leukocytes per I X I0 5 
platelets as deter mined by parallel flow cytometric analysis, 
represent ins. an approximate -I .'SO- fold i eduction of nucleated 
leukocytes. These results cot related well with molecular evidence 
lor leukocyte depletion as drier mined by RT-PCR using both CD-15 
and T-cell receptor fi-chain (TCRp) primeis I see Figure 2). 
Because the total RNA yield ftom peripheral blood platelets was 
insufficient for microanay Mudies. we adapted the protocol to 
platelet apheresis dono;s wjih nearly identical final puriiv (Fii;me 



2). The platelet recovery was nearly 65% of the starling material, 
yielding approximately 2.3 X 10" platelets from an initial aphere- 
sis pack containing approximately 3.6 X 10 ,! platelets. The bulk of 
the losses occurred during the initial centrifugation and filtration 
steps: The purification protocol was less effective at removing 
erythrocytes, although there were less than 50 glycophorin- positive 
cells per J X JO 5 plalelets after the final purification step. Nonethe- 
less, these cells represent unlikely sources for contaminating 
cellular RNA (see "Cellular microarray analysis" below). 

Cellular microarray analysis 

The purified platelet RNA was sufficient for microarray studies and 
was used for cRNA generation and hybridization to the AfTymetrix 
HG-U95Av2 GeneChip. The anatomic profile of platelet RNAs 
from 3 healthy male donors was determined by using AfTymetrix 
software. Of the 12 599 probe sets imprinted onto the chip, a 
maximum of 2147 (17%) transcripts were computationally identi- 
fied as "present" by the Affymetrix software, 152 (1.2%) were 
equivocal, and nearly 82% were absent. As a fraction of the total 
genes present on ihe chip, the percentage of platelet-expressed 
genes (J5%-I7%) was generally lower than thai obtained from 
other human cell types in which 30% to 50% of genes are present as j 
determined by Affymetrix software (J. Schwedes, personal commu- 
nication. May 2002). The ' limited number" of platelet-expressed 
transcripts presumably reflects Ihe lack of ongoing gene transcrip- 
tion in the anuclcate platelet. Because less than 1% of circulating 
red blood cells contain residual RNA, it is unlikely that any of these 
transcripts are erythrocyte derived, although this was formally 
addressed by isolating total cellular RNA from 20 mL of whole 
blood (corresponding to an ~-3-log fold excess of erythrocytes than 
that identified in our final sample). The total cellular yield of RNA 
fiom this stalling material was approximately 250 ng : suggesting 
that less than 1 no ery'hrocyle-derived RNA was present in the 
purified platelet preparations. Despite this, however both a- and 
p-globin it arisen pis — along with both Ihe ferritin heavy and light 
chains — were identified as abundant transcripts (Table 2). Al- 
though ihe most parsimonious explanation would be residual contami- 
nating reticulocytes, this is not supported by our ery throcyte contami- 
nation estimates, and their significance remains umcsolved. 

As a means of belter dissecting the molecular anatomy of ihe 
platelet, e^piessed genes were grouped on the basis of assiencd 




BLOOD, 15 MARCH 2003 - VOLUME 101; NUMBER 6 


PLATELET TRANSCRIPT PROFILING 2289 


Tabte 2. Top 50 human pfcrtelet^xpressed genes 






Accession no. 




AD vahjes ranoB* 


G&riA transcriDtt 


Leukocyte expression} 


Mt7733 


TMSB4X 


140 142-307 852 


Thymosin 84 mRNA. complete cds 


+ 


X99076 


NRGN 


101 510-148 279 


Neurogranin gene 


+ 


M25079 


HBB 


40 839-229 556 


p-gtobtn mRMA, complete cds 


+ 


M25915 


ClU 


B4 720-140 246 


Complement cytofysis inhibitor {cluster in) complete cds 

* 




J04755 


FTHP1 


82 980-148 621 


Ferritin H processed pseudogene. complete cds 




D78361 


OAZt 


73 098-118 140 


rnRNA for ornithine decarboxylase antizyme 




X04409 


GMAS 


77 761-94 781 


mRNA tor coupling protein G(s) o-subunit (alpha-Si) 




M25897 


PF4 


62 811-126 908 


Platelet factor 4 mRNA. complete cds 


• 


AB021288 


B2M 


61 689-108 921 


p2-rnicroglobu5n 


+ 


X00351 


ACTB 


25 143-73 775 


mRNA for p-actin 




D21261 


7AGLN2 


76 687-101931 


mRNA for KIAA0120 gene . 




AL031670 


FTU1 


69 865-99 966 


• Ferritin, tight polypeptide 1 


+ 


U59632 


' GP11B 


41404-110 328 


Platelet gtycopf ote'm Ibp chain mRNA 


— 


M21121 


CCL5 


47 308-106 399 


T-ceB-specific protein (RANTES) mRNA. complete cds 


— 


X13710 


GPX1 


41316-96 878 


Unspficed mRNA tor glutathione peroxidase 


— 


J00153 


HBA1 


21 326-144 201 


Alpha gtobtn gene chister on chromosome 16 


+ 


M22919 


MYL6 


46 337-106 833 


Nonmusde/smooth muscle alkali myosin light chain gene 


+ • 


L20941 


FTH1 


52 787-74 763 


Ferritin heavy chain mRNA, complete cds 


- 


J03040 


SPARC 


51 156-74 261 


SPARC/osleoneclin mRNA. complete cds 


— 


X56009 


GNAS 


45 543-72 096 


GSA mRNA for a subunil of GsGTP binding protein ' 


.- 


X58536 


HLA 


31 183-82 613 


mRNA for major HLA class 1 locus C heavy chain 


. + 


M54995 


PPBP 


46 571-67 169 


Connective tissue activation peptide lit mRNA 


- 


U34995 


GAPD 


35 095-70 250 


Normal keratinocyte subtraction library mRNA, clone H22a 


+ 


L40399 


MLM3 


32 107-73 364 


Clone 2ap1 12 {mutL protein homolog 3) mRNA 


- 


X77548 


NCOA4 


31 452-61 036 


cDNA for RFG {RETprolo-oncogene RET/P7C3) 


- 


U90551 


H2AFL- 


35 086-51892 


Histone 2A-like protein (H2A/I) mRNA 


- 


M11353 


H3F3A 


31614-55 813 


H3.3 histone class C mRNA 


— 


Z12962 


RPL41 


36 003-54 853 


■ mRNA tor homologue to yeast ribosomal protein L41 




X06956 


TUBA1 


20 988-61 798 


HALPHA 44 gene for a- tubulin 


— 


AB02895O 


TLN1 


24 571-58 611 


mRNA for KIAA 1027 protein 


- 


Y127tt 


PGRMC1 


33 680-43 174 


mRNA for putative progesterone binding protein 


- 


MT6279 


MIC? 


30 894-48 166 


Integrated membrane protein (tVtlC2) mRNA 


- 


D78577 


YWHAH 


. .24 785-50 437 


Brain 14-3-3 protein (1-chain 




AF070585 


10P3B 


20 027-67 945 


Clone 24675, unknown cDNA 


- 


AA524802 


Unknown 


23 846-39 481 


CDNA, IMAGE clone 954213 


- 


AB009010 


UBC 


28 745-38 389 ' 


mRNA lor potyubiquilin UbC 


+ 


X57985 


H2AFG 


21 678-52 108 


Genes lot histonesH2B."l and H2A 




X54304 


MtXB 


25 733-34 109 


rnRNA lor myosin regubtory fight chain 




M14539 


F13A! 


23 691-48 474 


Factor Xtll subunit t> -polypeptide mRNA, 3* end 




AI540958 


Unknown 


24 872-41 118 


cDNA. PEC 1.2_l5_HOI.r 5' end/cton 




AL050396 


FLNA 


13 634-55 235 


cDNA DKF2p586K1720 




X56841 


HLA-E 


12 890-49 327 


Nonclassicat MHC class 1 antigen gene 




M26252 


PKM? 


15 450-47 786 


7CB (cytosofic thyroid hormone- binding protein) 




M 14630 


PIMA 


19 314-45 088' 


Prothymosin alpha mRNA 




AF045229 


RGS10 


19 156-34 243 


Regulator ol G protein signaling 10 mRNA 




AA477898 


Unknown 


16 863-44 756 


cDNA. Z&34I08.U 5' end 




X95404 


FL 1 


15 216-37 456 


mRNA tor nonmusde rype CO r ilir> 




M34480 


HGA2B 


8 627-45 495 


Ptaletel glycoprotein lib iGPHb) mRNA 




283738 


H2BFE 


18 001-31 306 


HH2B/e gene 




L 19779 


H2AFO 


17 319-38 951 


Histone H2A.2 mRNA. complete cds 





*Gene expression quantifications were calculated as the average dilletence (AD) value (matched versus mismatched oligonucleotides) lor each probe set using Atfymelrix 
Get»eChip sottwaie. version 4.01. The range of values from 3 distinct platelet miooarrnys is shown; ihe normalization value to> all mtcroarray analyses was 250. 

1 transcripts are r;mk-orde'ed (highest to lowest) using BRB-Aitaylools software by tog- intensities of AD values obtained from 3 different healthy donors; 33 of the top 40 
transcripts were irsied among the lop 50 in all 3 microarray sets. 

J Leukocyte opression was delennined by microarray analysis using pxnified peripheral blood leukocytes, followed by construction of rank- intensity plots for companson to 
platelet top 50 transcripts. 70 lop leucocyte- derived transcripts identified within the ranked top 50 platelet Iranscripls are depicted by a ( + ) present, or (- ) absent. 

cds indicates coding sequence. 



gene annotations, nod this analysis was used to provide a pan- 
oramic definition of the phleiel Iranscnplome. -Of the genes thai 
could be cataloged within assigned "clusters."' (hose involved in 
metabolism (11%) and receptor/signaling (11%) represented the 
largest groups. Also evident in llrcse analyses is the relatively targe 
percentage of yenes involved in functions unielated to these key 
groups lie. miscellaneous. 25»%). and the oven e presentation ol 
Genes with unknown function (3?%) as annotated by Aflymetrix 



and RefScq databases.-' These results identify a vast array (neorly 
one half) of platelet genes (and gene products) that presumably 
have important, but pootly characterized functions, in plalelel 
nnd.'oi megakaryocyte biology. 

Although inicroanay analysis is not truly quantitative, rank- 
oidering using ihe mean log- intensities from 3 independent microaT- 
rav analyses allowed for the categorization of the top platelet 
transcripts (Table 2). Computational analyses dernonsnated thai 
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only 1 0 of the top 100 genes were discordant among the 3 pJateJet 
microarrays, although 71 of 100 genes were discordant between 
platelet and leukocyte arrays. An inventory of the top 50 platelet 
genes is listed in Table 2, which also delineates those found to be 
highly expressed in peripheral blood leukocytes by parallel microar- 
ray experiments with this purified cellular fraction (data not 
shown). Further analysis of these cell subsets demonstrated that 
approximately 25% (n = 547) of the total platelet transcripts were 
platelet restricted. Furthermore, only 10 of the 50 most highly 
expressed genes were found to overlap, confirming the distinct 
cellular profiles of each transcriptome. Of the 12 overlap genes, 3 
corresponded to globin or ferritin chains (again suggesting the 
presence of contaminating reticulocytes in both purified fractions), 
and another 4 were involved in actin cytoskeletal reorganization 
and human leukocyte antigen (HLA) expression, gene products that 
. regulate critical functions in both cell types. Given the importance 
of cytoskeletal reorganization in downstream platelet activation 
events, it is not unexpected that components of the actin machinery 
system would demonstrate prominent transcript expression. Previ- 
ous estimates suggest that 20% to 30% of the total platelet 
pioteome is comprised of actin with other components such as 
actin-binding protein, mysosin, and talin accounting for an addi- 
tional 2% to 5% of the total protein. 1 - 2 * The mRNAs encoding the 
actin-related machinery ar e overrepresented in our microarray 
analysis, with 8 such transcripts found among the 50 highest 
platelet-expressed genes. Interestingly thymosin p4 demonstrated 
(he highest expression pattern. In unstimulated platelets, 30% to 
40% of actin is polymerized as F-actin, 27 whereas the balance of 
actin monomers (G-aclin) are polymerization inhibited by sequesr 
lering proteins such as proftlin (100 pM) and thymosin 34 (600 
p.M). 23 The high thymosin 04 transcript expression not only 
correlates with its known abundance in platelets but also supports 
the importance of actin inhibitory proteins in maintaining the 
nonstimulated state of circulating platelets. 

Platelet SAGE analyses 

Although these initial studies identified the distribution and relative 
expression patterns of the genes within the Affymetrix data set. 
they do not allow for analyses of genes that arc unrepresented by 
these oligonucleotide chips. Unlike closed microarray profiling 
strategies, SAGE is an open architectural system that is ideally 
suited for novel gene and pathway identification. Accordingly, the 
platelet RNA used for microarray studies was used for platelet 
SAGE. A total of 2033 tags were initially cataloged, of which 1800 
(89%) corresponded to mitochondrial -derived genes. These results 
were quite different from those obtained by microarray analyses, 
but the discrepancy can be resolved by the nonrepresentation of the 
mitochondrial genome on the gene chip. The mitochondrial ge- 
nome is n compact approximately 16.6-kilobase (kb) sequence 
encoding J 3 genes and 2 ribosomnl subnnits. 74 Primary' mitochon- 
drial transcripts arc polycishonic ami Typically contain premature 
termination or unpredictable splice sites, resulting in multiple 
polvadenylated transcripts from individual genes. 24 - 75 Indeed, the 
overall distribution of platelet- derived mitochondrial SAGE tags is 
quite similar lo that found in. muscle. J; All )3 Genes containing 
NfnWi sites were detected, whereas neither of the non-A'toJD- 
comaining genes were idciilitied (nicotinamide adenine dinncjeo- 
lidc [NAOHJ dehydrogenase subunit 4L and adenosine triphos- 
phatase lATPnse] S). Most of the tags were front the 16S and J2S 
ribosomal KNAs— which collectively accounted for 68% of the 
loinl mitochondrial tags — with the fewest tacs represented by 
NAD) t dehydrogenase subuniis 3-5. 6, and cytochrome c oxidase J 
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. Figure 3. Schema ol the mitochondrial genome with SAGE tag distributions 
(only tags with identical matches are displayed). The abundance of the SAGE 
togs (n = 1600) at individual NteMt sites (arrows) within the mitochondrial heavy 
strand is shown on the bottom, whereas those tags corresponding lo the mitochon- 
drial right strand are delineated above the arrows (the presence of an unaccompanied 
arrow implies no SAGE tags at that W/alll site). The gone products of mt-DNA 
{RetSeq accession no. NC_001807) are delineated by the open rectangles, whereas 
. stippled boxes represent IRNA genes and control regions (the single tag represented 
by the p) refers to mtrochomtriaJ transfer RNA-serine). Note' that NADH6 is encoded 
by the fighl strand and that there are no Mailt sites within the ATPase0 gene segment. 
COjnJ, cytochrome c oxidase subunit; Cyt b. cytochrome b. 

(Figure 3). The.NADH dehydrogenase subunit 6 RNA is the only 
mRNA encoded by the light (L) strand of mitochondrial DNA and 
was the least abundantly detected transcript. 

The unusually high preponderance of mitochbndrial-derived 
genes is not inconsistent with the known enrichment of these 
genomes in human platelets,' and presumably reflects persistent 
transcription from the mitochondrial (mt) genome in the absence of 
nuclear-derived transcripts. This overrepresentation of mtDNA in 
platelets is considerably greater than that of its closest cell type 
(skeletal muscle), in which mt genomes represent approximately 
20% to 25% of all SAGE tags. 25 Interestingly, the energy metabo- 
lism of platelets is not dissimilar from that of skeletal muscle, both 
cell types actively using glycolysis and large amounts of glycogen 
for ATP generation. 26 Like muscle, platelets are metabolically 
adapted to rapidly, expend large amounts of energy required for 
aggregation, granule release, and clot retraction. Similar to the 
situation in all eukaryolic cells, platelet mitochondria represent the 
primary source of ATP, which is generated from oxidative phosphor- 
ylation reactions occurring within these organelles. Mitochondria 
are also responsible for most of the toxic reactive oxygen species 
generated as by-products of oxidative phosphorylation and are 
central regulators of the apoplotic process in other cellular types. 
The mlDNA encodes polypeptides found within 4 of ihe 5 
multifunctional complexes that regulate oxidative phosphorylation 
within the platelet mitochondria. 27 Whether the continued genera- 
tion of these polypeptides has a role in platelet energy metabolism 
and/or (he apoptotic mechanisms regulating platelet survival re- 
mains speculative, although not inconsistent with our observations. 

Comparative analysis of SAGE and microarray 
transcript abundance 

Complete SAGE libraries require the sequencing of up to 30 000 
lags for .in exhaustive cataloging of individual mRNAs, especially 
those with limited copy numbers. 13:8 Given the preponderance of 
mt- derived transcripts, comparable sampling would have required 
sequence analysis of nearly 300 000 SAGE tags, an inordinate 
number for comprehensive analysis of the platelet transcriptome. 
hot platelets, alternative methodologies incorporating subtiaetive 
SAGI: will be required for more comprehensive transcript profil- 
ing.'^ Our initial sampling of nonmitochondrial genes remains 
informative, however, and entirely consistent with, the results of 
platelet microarray studies. As shown in Table 3, SAGE tags for the 
genes encoding thymosin p-1, 2 -microglobulin, ncurogranin. and 
the platelet glycoprotein lb£i polypeptide were among the most 
frequently identified platelet genes, similar to the rank -ordered 
rc.Milis determined bv mic/oajiav analysis. To formal Iv confirm the 
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Table 3. SAGE- identified nonmitochondna) tags 



Frequency 


CATG + SAGE lags' 


Accession no.t 


Gene 


Microarray} 


26 


GTTGT GGTTAAT CTGGT 


NM_0O4048.1 


p2-miao9loburm (B2M), mRNA 


PPP 


21 


TTGGTGAAGGAAGAAGT 


NM_021 109.1 


Thymosin p4 ; X chromosome (TMSB4X). mRNA 


P 


8 


AGCTCCGCAGCCAGGTC 


NM_ 002 620.1 


Pbtelel tador 4 variant 1 (PF4VI). mRNA - 


9 


8 


AGCTCCGCAGCCGGGTT 


NM_002619.1 


Platelet factor 4 (PF4), mRNA 


P 


7 


7 GTATAAAGACAACCTC 


NM_ 002704.1 


Proptatelet basic protein (f>thr ombogtobutin) 


Pp 


5 


GGGCACAATGCGGTCCA - 


NM_000407.1 


Giycopr otein Ibp polypeptide. mRNA 


P 


3 


AGGTAATAAAAGGTAAT 


NM_003512-1 


H2A Nslone family,, member L (H2AFL). mRNA 


P 


3 


AG7 GGCAAG7 AAATGGC 


NM.021 914.2 


CoWin 2 (muscle) (CFL2), mRNA 


N/A . 


.3 


TGACTGTGCTGGGTTGG 


NM_006176.1 


Neurogranin (protein kinase C substrate, RC3) mRNA 


P 


3 


Tf GGGGTTTCC TTT ACC 


NM_002032.1 


. Ferritin; heavy potypepWe 1 (FTH1), mRNA 


P 


2 


CCCTTGTGACTACCTA7 


NM_025158.1 


Hypofhefcaf protein FU22251 (FU22251). mRNA 


N/A 


2 


CCTGTAACCCCAGCTAC 


NM_032779.1 ' 


Hypothetical protein FU14397 (FLJ14397), mRNA 


N/A 


2 


CTTGTAGTCCCAGCTAC 


NM.01796Z1 


Hypothetical protein FLJ20825 (FU20825), mRNA 


N/A 



•Unique tags identified more than once. 

t Refers to the RefSeq accession no. 71 Nolo that this number does not necessarily correspond to the accession no. provided by Asymetrix software annotations (Table 1). 

^Presence (P) or absence (A) b based oh results from 3 distinct platelet microarray experiments. Capitalized "P - designates a gene that is in the top 50 on aD 3 rnicroarray 
experiments, whereas small *p" designates those transcripts not in the lop 50. Two of the genes {p2-rrecfoglobuBn and thrombogtobufin) are represented by 3 and 2 probe 
sets, respectrvery. on the HG-U95Av2 gene chip; for [J2-M. all 3 probe sets were in the top 50 genes, whereas for thymosin 04 1 of 2 was in Ine top 50 for all experiments (the 
other probe set was in the top 75 tor alt experiments). N/A indicates oligonucleotide not present on Atfymetrbt HG-U95Av2 gene chip. 



results independently obtained by SAGE and microarray analysis, 
quantitative RT-PCR was completed by using oligonucleotide 
primers specific for 2 abundant mitochondrial transcripts, 16S 
rRNA and NADH2 thymosin 04 (high-abundance by microarray 
and SAGE), 2 incompletely characterized high-abundance tran- 
scripts (neurogranin and clusterin; see ''Protein imrmmoanalysis of 
platelet clusterin and neurogranin"), a low- abundant transcript 
(T-cell receptor fi- polypeptide), and the genes encoding proteins 
with well-established quantitative determinations (ie, glycoprotein 
a imPj [~50 000 reccplors/plaleJet]; protease-activated receptor- 1 
(PARI) [—1800 receptors/platelet]).' As shown in Figure 4, these 
analyses reveal excellent concordance between SAGE and microar- 
ray studies, demonstrating the predominant frequency of the 
.mitochondrial-dcrived 16S rRNA/NADH2 transcripts, with incre- 
mentally lower expression of other transcripts as initially demon- 
strated by microarray ( 1 6S > NADH2 > thymosin f}4 > neurogra- 
nin > chistcrin > «„dP.i > PARI > TCRfJ). 

Given the small number of nonmitochondrial SAGE lags 
available for analysis (n — 233), limited conclusions can be drawn 
using traditional (nonsubtraction) platelet SAGE libraries as pre- 



3 




D i«l TO 30 *o 



Figure 4. Quantitative rc.iMime R1-PCR anatysrs of platelet transcripts. Real- 
lime RT-PCR was competed by usinq purified platelet RNA rmd oligonucleotide 
primer pairs specific oily Je.*.igried using Prime»3 software to generate sirnitoily-sized 
(— ?00-bp) PCR pioOucrs. oplim»;eit lo ihe some onneoling temperature. In graph. 
(O) 'P presents Mb. (■) iepre:-pnis Mia. represents PARI, {A) represents 16S 
(RNA. (T) represent;. NADU?. (▼) represents Thymosin, (O) represents r.lusterin. ( ♦ } 
represents neutogronin. and (•} lepreient;. ICRp Curves are representative ot one 
complete set ol e>pe»imvnts (repeated twice), and line plots reflect aver aye 
(Jetetmirwlinnf from 3 v.n1!<- c^rtnrrm-d in parallel w«rh SEM lesi than t% lor all 
ctr»ta points. 



sented here. Overall, a total of 126 unique tags were identified, the 
majority of which (94) were represented only once. Of the total 
unique tags, nearly one half represented novel genes hot present on 
the Affymetrix U95Av2 GeneChip. Of the genes with unique tags 
identified more than once, there was excellent concordance with 
microarray expression analysis, with nearly all of the SAGE tags in 
Table 3 corresponding to platelet top 75 microarray transcripts. The 
platelet factor (PF) 4 variant represents a single aberration because 
this was rank- ordered approximately 350 by microarray, although, 
its SAGE lag frequency was identical to that of the predominant 
PF4 transcript. The lack of extensive nonmitochondrial SAGE 
sampling precludes any further extrapolations from this .apparent 
aberration- Of note, a subset of these tags had Jong poly (A) tracts; 
although they all corresponded to genes identified in the RefSeq 
database. 7 ' We cannot exclude the possibility of a SAGE artifact 
for this small subset of lags (~2%, representing 46 of 2033 tags), 
although the authenticity of the vast majority of tags (—98%) 
clearly validates the methodology. These tags are most likely 
explained by the unique biology of ihe platelet (ie, mRNA decay in 
the absence of de novo transcription) or lo mRNA degradation 
occurring during the extensive purification methods. In summary, 
even with a remarkably limited sampling, the power of this 
approach in gene identification of relatively abundant and less 
abundant transcripts is evident. It is clear, however, given the 
unique molecular anatomy of the platelet (ie. abundance of 
mitochondrial transcripts), thai SAGE adaptations will be required 
for moje comprehensive genetic profiling. 29 

Protein immurioanalysts ot platelet clusterin and neurogranin 

Although most of the "most abundant** transcripts would conform 
lo a priori predictions for platelet-expressed mRNAs, a number of 
transcripts were identified that had been pootly characterized in 
human platelets. To further establish the authenticity of highly 
expressed transcripts such as clusterin and neurogranin, confirma- 
lory protein analyses were completed. As shown in Figure 5, both 
prole ins were clearly delected in purified phi ie Jet ly sates: further- 
more, their cellular platelet distributions conformed to those 
predicted based on previously proposed functions. Note for ex- 
ample thai clusterin — functionally characterized as a complement 
lysis inhibitor able to block the terminal complement tenet ion— is 
primarily expressed on the extracellular platelet membrane. Jl> 
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Fjgure 5. Invnunoanatysb of pbtokrt neurogxanin and 
clusterin. (A-D) Gt^fittered platelets, were eSher feted in 
3J% formaldehyde (nonpermeabffized) or fixed with perme- 
abifization in the presence of 0.1% Triton X. foflowed by flow 
cytomelric anatysrs using antSdustorin, ant HtVllto, or aniineo- 
rogranfn antibodies and the FITC-conjugated specres- 
specific secondary antibody pn ; C» the FrrOconjugated 
anfrabb* and anfimouse controls are i" essentially superim- 
posed). (E-F) Ten nwrograrns of scfeAffized HepG2 cete 
(hepatocyte ceJ fine), human brain, or purified platelet tysates 
were analyzed by SOS-PAGE, 11 ! end immunobtol analysis 
were completed by using t;1000'd5ul5ons of either anfo*euro- 
granin (16% SDS-PAGE) or antidusterin {8% SDS-PAGE) 
antibodies. The antkfcisterin antibody recognized 2 platelet 
immuncfoactve species under, shorter exposure. Although 
Ihe relative neurograrwi and cfusierin protein abundances 
are suboptimaDy quantified by these.artalyses, ptetetel eas- 
tern appears to demonstrate roreikJerabte exrjresswn wrien 
compared wfth that previously identified in hepatocytes- 3 ' 



Given the importance of complement activation in platelet destruc- 
tion, the prominent expression of cell-surface chisterin might 
suggest a role , for (his protein in normal and pathologic events 
regulating platelet survival. Interestingly, a cluslerin-deficient 
knockout mouse has been generated that demonstrates enhanced 
cardiac dysfunction in a mode) of autoimmune myocarditis. 31 
Although these mice apparently have normal baseline hemograms 
(B. Aronow, personal communication, October 2002), it remains 
unestablished if they would be predisposed to immune-type 
thrombocytopenia in systemic models of autoimmunity. 

Similarly, Ihe gene encoding an intracellular effector protein 
that may have key roles in downstream platelet activation events 
has now been demonstrated to have abundant transcript expression 
in human. platelets. Neurogranin is a highly expressed platelet 
Iranscripl with its gene product demonstrating a primarily intracel- 
lular pattern of distribution: Neurogranin is generally described as a 
brain- spccific : Ca ? * -sensitive calmodulin-binding phosphoprotein 
thai is preferentially expressed in neuronal cell bodies and den- 
drites."" It is a specific protein kinase C (PKC) substrate thai can 
also be modified by nitric oxide and other oxidants to form 
intramolecular disulfide bonds. Both its phosphorylation and 
oxidation stale attenuate its binding affinity for calmodulin. 33 In 
stimulated platelets. PKC generation is linked to various activation 
pathways such as calcium- regulated kinases, mitogen- activated 
protein (MAP) kinases, and receptor tyrosine kinases. 1 Thus, these 
observations suggest that platelet neurogranin may. function as a 
previously unidentified component of a PKC-dependenl activation 
pathway coupled to one (or more) of these effector proteins. 



Discussion 

The5C data' provide documentation for a unique platelet mRNA 
profile thai may provide a tool for analyzing platelet molecular 
networks: Nonetheless, the molecular analysis of (he platelet 
irnnseriptome mav be confounded by the constant decay of 
mRNAs in the absence of new gene transcription, a situation thai 
mav. for example, limit the identification of low- abundance 
transcripts. Similarly, because the circulating platelet pool contains 

References 



a mixed population of variably aged platelets, a "static'* mRNA 
profile represents an average of this heterogeneous blood pool. 
Despite these potential limitations, the combination of genomic 
and proteomic technologies are lifcejy to provide powerful tools for 
the global analysis of platelet function. Current strategies for 
cataloging "whole cellular proteoroes" are generally accomplished 
by using 2 developing methodologies:,(l) high resolution 2-dimen- 
sional polyacrylamide gel electrophoresis (2-DE) with mass spec- 
trometric sequence identification, 34 and (2) microcapillary liquid 
chromatography with tandem mass spectrometry (pXC-MC/ 
MC). 35 Further modifications of both procedures have been devised 
for direct comparative studies between 2 cellular proteomes. The 
introduction of 2-DE differential gel electrophoresis has now made 
it possible to detect and quantify differences between experimental 
sample pairs resolved on ihe same 2-dimensional gel. 36 Likewise, 
the application of isolope-codcd affinity tags to ixLOMC/MC 
represent a novel means of quantitative analyses between cellular 
proleomcs. 37 The success of both approaches relies on Ihe availabil- 
ity of comprehensive genomic databases and mathematical algo- 
rithms for optimal protein identification. Indeed, mathematical 
modeling studies have demonstrated the need to delineate both 
protein and mRNA expression levels for optimal definition of 
intracellular networks ?* Our data present an initial framework for 
delineating platelet function by defining the molecular anatomy'of 
human platelets, information that is likely to provide important 
clues into ihe dynamic protein infractions regulating normal and 
pathologic platelet functions. Furthermore, because the platelet 
transcriptome mirrors the inRNAs derived from precursor 
megakaryocytes, these analyses may provide insights into the 
biochemical and molecular events regulating megakaryocytopoi- 
esis and/or propJatelel formation. 
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Overexpression of a DEAD box protein 0)DX1) [ n neuroblastoma and 
retinoblastoma cell lines. 

Godbout R . Packer M Bie W . 

Department of Oncology, Cross Cancer Institute and Uni versity of Alberta, 1 1560 
University Ave., Edmonton, Alberta T6G I Z2, Canada. 

The DEAD box gene, DDX1 , is a putative RNA helicase that is co-amplified with 
MYCN in a subset of retinoblastoma (RB) and neuroblastoma (NB) tumors and cell lines. 
Although gene amplification usually involves hundreds to thousands of kilobase pairs of 
DNA, a number of studies suggest that co-amplified genes are only overexpressed if they 
provide a selective advantage to the cells in which they are amplified. Here, we further 
characterize DDX1 by identifying its putative transcription and translation initiation sites. 
We analyze DDX1 protein levels in MYCN/DDX 1 -amplified NB and RB cell lines using 
polyclonal antibodies specific to DDX1 and show that there is a good correlation with 
DDX1 gene copy number, DDX1 transcript levels, and DDX1 protein levels in all cell 
lines studied. DDX1 protein is found in both the nucleus and cytoplasm of DDX1- 
amplified lines but is localized primarily to the nucleus of nonamplified cells. Our results 
indicate that DDX1 may be involved in either the formation or progression of a subset of 
NB and RB rumors and suggest that DDXl normally plays a role in the metabolism of 
RNAs located in the nucleus of the cell. 
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Modulation of gap junction mediated intercellular communication iu TM3 
Leydig cells. 

Golden bcr? RC , Fortes FS, Cristancho JM Morales MM . Pranci CR . Varaoda WA 
Campos de Carvallio AC : ' 

Institute of Biophysics Carlos Chagas Filho, UFRJ, Brazil. 

Long-term modulation of intercellular communication via gap junctions was investigated 
in TM3 Leydig cells, under low and high confluence states, and upon treatment of the 

£ J S /n r ^ dl 5 erent timCS With activators of Protein kinase A (PKA) and protein kinase C 
j j In ,0W ^nfuenc 6 were readily coupled, as determined by transfer of die 

dye Lucifer Yellow; on reaching confluence, the cells uncoupled. Western blots and RT- 
PCR revealed mat connexin 43 (Cx43) was abundantly expressed in TM3 Leydig cells 
and its expression was decreased after the cells achieved confluence. Stimulation of PKA 
or PK.C induced a decrease in cell-cell communication. Staurosporin, an inhibitor of 
protein kinases, increased coupling and was able to prevent and reverse the uncoupling 
actions of diburyryl cAMP and 12-0-tetradecanoyl-phorbol-13-acetate (TPA) Under 
modulation by confluence, Cx43 was localized to the appositional membranes when cells 
were coupled and was mairdy in die cytoplasm when they were uncoupled. In addition 
cAMP and TPA reduced the surface membrane labeling for Cx43, whereas staurosporin 
increased it. These data show a strong correlation between functional coupling and the 
membrane distribution of Cx43, implying that this connexin has an important role in 
intercellular communication between TM3 cejls. Furthermore, increased testosterone 
secretion in response to luteinizing hormone was accompanied by a decrease in 
intercellular communication, suggesting that gap junction mediated coupling may be a 
modulator of hormone secretion in TM3 cells. 



PMED: 12740021 [PubMed - indexed for MEDLINE] 



64: j ArtaBiochiin Pol. 2003;$0(4): 1065-73. ■ Related Articles. Links 



4 Acta RIocMn.lc.T 
•/Prolpntcii fret; 



Expression level of Ubc9 protein in rat tissues. 
Golcbiowski F, Szulc A . Sakowicz M . Szutowicz A. Pawelczyk T . 

Department of Molecular Medicine, Medical University of Gdansk 80-21 1 Gdansk 
Poland. 

Ubc9 is a homologue of the E2 ubiquitin conjugating enzyme and participates in the 
covalent linking of SUMO-1 molecule to the target protein. In this report we describe a 
simple and efficient method for obtaining pure human recombinant Ubc9 protein The 
punfied Ubc9 retained its native structure and was fully active in an in vitro sumoylation 
assay with the promyelocyte leukaemia (PML) peptide as a substrate. In order to better 
understand the physiology of Ubc9 protein we examined its levels in several rat tissues. 
Immunoblot analyses perforated on tissue extracts revealed quantitative and qualitative 
djfferences in the expression pattern of Ubc9. The Ubc9 protein was present at a high 
level in spleen and lung. Moderate level of Ubc9 was detected in kidney and liver. Low 
amount of Ubc9 was observed in brain, whereas the 18 kDa band of Ubc9 was barely 
visible or absent in heart and skeletal muscle, In heart and muscle extracts the Ubc9 
antibodies recognized a 38 kDa protein band. This band was not visible in extracts of 
other rat tissues. A comparison of the relative levels of Ubc9 mRNA and protein 
indicated that the overall expression level of Ubc9 was the highest in spleen and lung. In 
spleen, lung, kidney, brain, liver and heart there was a good correlation between the 1 8 
kDa protein and Ubc9 mRNA levels. In skeletal muscle the Ubc9 mRNA level was 
unproportionally high comparing to the level of the 18 kDa protein. The presented data 
indicate that in the rat the expression of the Ubc9 protein appears to have some degree of 
tissue specificity. . 
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ABSTRACT 

Motivation: Protein abundance is related to mRNA 
expression through many different cellular processes. 
Up to now, there have been conflicting results on how 
correlated the levels of these two quantities are. Given that 
expression and abundance data are significantly more 
complex and noisy than the underlying genomic sequence 
information, it is reasonable to simplify and average them 
in terms of broad proteomic categories and features {e.g. 
functions or secondary structures), for understanding their 
relationship. Furthermore, it will be essential to integrate, 
within a common framework, the results of many varied 
experiments by different investigators. This will allow one 
to survey the characteristics of highfy expressed genes 
and proteins. 

Results: To this end, we outline a formalism lor merging 
and scaling many different gene expression and protein 
abundance, data sets into a comprehensive reference 
set, and we develop an approach for analyzing this in 
terms ol broad categories, such as composition, function, 
structure and localization. As the various experiments are 
not always done using the same set of genes, sampling 
bias becomes a central issue, and our tormatism is 
designed to explicitly show this and correct for it. We apply 
our formalism to the currently available gene expression 
and prolein abundance data tor yeast. Overall, we found 
substantial agreement between gene expression and 
protein abundance, in terms ol the enrichment of structural 
and functional categories. This agreement, which was 
considerably greater than the simple correlation between 
these quantities tor individual genes, reflects the way 
broad categories collect many individual measurements 
into simple, robust averages. In particular, we found 

"To wlion) coiif.vpoiidrncc .\tio»kl be atiiticsscd. 



that in comparison to the population of genes in the 
yeast genome, the cellular populations of transcripts and 
proteins (weighted by their respective abundances, the 
transcriptome and what we dub the transtatome) were both 
enriched in: (i) the small amino acids Vat, Gly, and Ala; 
(ii) low molecular weight proteins; (iii) helices and sheets 
relative to coils; (iv) cytoplasmic proteins relative to nuclear 
ones; and (v) proteins involved in "protein synthesis,' *cell 
structure,' and 'energy production.' 
Supplementary information: http://genecensus.orp/ 
expression/translatome 
Contact: mark.gerstein@yale.edu 

INTRODUCTION 

High throughput experimentation, measuring mRNA 
(Schena et al, 1995; Eisen and Brown, 1999; Ferea 
and Brown, J 999; Lipshuiz et ol., J 999) and pjotein 
expression (Anderson and Seilhamer, 1997; Futcher et nl t 
1999; Gygi et ol 7 1999a; Ross- Mac dona Id et nl t J999; 
Lopez, 2000; MacBealh and Schreiber, 2000; Nelson 
et ol, 2000; Zhv et al, 2000) are currently the single 
richest source of genomic information However, how to 
best interpret this data is stiff an open question (Basse! I 
et al., J 996; Wjties and Friedman, 1999; Zhang, J 999: 
Gcrsiem and Jansen, 2000; Searls, 2000: Sherlock.. 2000; 
Clavciie, 1999; Einarson and Gotemis, 2000; Epstein and 
Butow, 2000; Shapiro and Harris, 2000). Understanding 
how protein abundance is related to mRNA uanscripl 
levels is essential for interpreting gene expression., protein 
interactions, structures and functions in a cellutar sys- 
tem (Haizimanikaris et -al, 1999). Moreover, as protein 
concentration is the more relevant 'variable with respect 
to enzyme activity, it connects genomics to the physical 
chemistry ol trie cell (Kidd et ol, 2001). Protein abun- 
dance may also be invaluable for diagnostics and tor 
determining dmg targets (Cor I ha Is et ol. 2000). 
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Previously, we surveyed the population of protein 
features — such as folds, amino acid composition, and 
functions — in yeast, and other recently sequenced 
genomes (Gerstein, 1997, J998a,b; Gerstein and Hegyi, 
J 998; Hegyi and Gerstein, 1999; Das and Gerstein, 
2000; Lin and Gerstein, 2000), and we extended this 
concept to compare the -population of features in the 
yeast transcriptome to that in the genome (Drawid et 
ai, 2000; Jansen and Gerstein, 2000). Others have also 
done related work (Frishman and fvlewes, 1997; Tatusov 
et o/., 1997; Jones, 1998; Wallin and von Heijne, J998; 
Frishman and Mewes, 1999; Wolf et ai, 1999). Here, we 
. present a new methodology to compare the features of the 
mRNA expression population with the protein abundance 
population. 

Precise terminology is essential , for this comparison. 
Unfortunately, 'proteome' is used inconsistently. Pro- 
teome can logically be used to describe all the distinct 
proteins in the genome (Qi et ai, 1996; CavalcoJi et ai, 
1997; Fey et ai, 1997; Garrels et ai, 1997; Gaasterland, 
1999; Jones, 1999; Sali, 1999; tekaia et ai, 1999; 
Bairoch, 2000; CambiUau and Claverie, 2000; Doolittle, 
2000; Pandey and Mann, 2000; Rubin et ai, 2000) and, 
in this context, it is equivalent to what others may refer 
to as the coding part of the genome. However, in papers 
on two-dimensional (2D) electrophoresis, it is often used 
to describe the sum total of proteins in a eel), taking 
into account the different levels of protein abundance 
(Shevchenko et ai, 1996; Gygi et ai, 2000a; Lopez, 
2000; Washburn and Yates,- 2000). Jn an effort to be clear, 
we propose (he. term 'translatome' for this second usage 
of proteome. 

With this definition, we are able to refer compactly to 
three different cellular populations. These are illustrated 
in Figure 1. 

(i) We use" the term genome when we refer to the 
population of open reading frames, where each ORF 
counts once. 

(ii) We use the term transcripiome when we refer to 
the population of mRNA transcripts. This term was 
originally coined by Velculescu et ai (J 997). Note 
thai each ORF may give rise lo different numbers 
of transcripts. Consequently, the iranscriptome is 
esse nii ally the same as the genome but with each 
ORF weighted by its expression level. 

(iii) The next level is the cellular population of proteins. 
As each protein represents n translated transcript, 
we make. an analogy with the term transcriptome 
and use the term trnnslatomc as described above 
lo describe this third population. Thus, the trans- 
latome is a subset of the genome where each 
ORF is weighted by its associated level of protein 
" abundance. 



Note that one could aJso f less compactly cid) the trans- 
latome a 'weighted proteome.* However, doing so assumes 
one of the two aforementioned definitions of proteome. To 
avoid ambiguity, we studiously avoid the use of proteome 
altogether in the paper. 

Differences between the translatome and the transcrip- 
tome exist given that transcripts from different genes 
can give rise to different numbers of proteins, due to 
different rates of translation and protein degradation. 
Post-transcriptional modifications further affect the 
translatome. 

In our analysis of the transcriptome and translatome, we 
focus on global protein features rather than the compari- 
son of individual genes. Previous analyses have shown that 
differences between mRNA expression and protein abun- 
dance levels can be quite dramatic for individual genes. 

. This may either be due to the noise in the data or lo funda- 
mental biological processes. However, our analyses show 
that the variation between transcriptome and translatome 
is much smaller for global properties that are computed by 

. averaging over the properties of. many individual genes. 

METHODS 
Data sources used 

For our analysis we culled many divergent data sets, 
representing protein abundance and mRNA expression 
experiments and also other sources of genome annotation. 
These are all summarized in Table 1 . 

Biases in the data 

The databases that annotate the specific genes may 
not always be accurate (Ishii et ai, 2000). Gene Chip 
experiments suffer with regard lo cross hybridization 
and the saturation of probes. SAGE data degrades for 
lowly expressed mRNAs. 2D gels are unable to resolve 
membrane proteins (approximately 30% of the genome) 
and basic pjoteins (Gerstein, 1998c; Krogh et ai, 2001). 
In addition, the procedures for identification and quan- 
tification of the protein spots are .subject to uncertainties 
(Haynes and Yates, 2000). Human biases include the 
lack of low abundance proteins (Fey and Larsen, 200J; 
Gygi et ai, 2000b; Harry et ai, 2000) and the differences 
between laboratories in sample preparation. Our reference 
expression data set attempts to resolve these problems. 

Data set scaling 

A reference set for mRNA expression. With many differ- 
ent mRNA expression data sets available, it is worthwhile 
to integrate them into a single unified reference set, with 
the intention of reducing the noise and errors contained in 
the individual duia sets and to obtain a unified estimate of 
(he normal expression state in a cell. 
We adopt an iterative scaling and merging formalism. 
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Fig. J. Schematic overview of the analysis. On the left- side we outline the terms we use to describe the process of gene expression. The 
coding section of the genome is transcribed into a population of mRNA transcripts called the ' transcript ome/ The transcripts in turn are 
translated to a population of proteins; we use the term 'translatome* for this protein population rather than (he alternative *pioteome' because 
the latter term may be confounded with Ihe protein complement of the genome (which is not necessarily associated wiih a quantitative 
abundance level). 

The matrix in the middle schematically shows an analysis of the three stages of expression. In general, we define a protein 'population' as 
a set of genes associated with a corresponding number of expression or abundance levels ('weights*): In the matrix each row represents a 
weight and each column a gene set. In particular, we differentiate between the mRNA reference expression set (GmRNA = ^Gcd)» which 
essentially covers the complete genome, and the reference protein abundance set (Gp lo( ) which contains the proteins in data sets 2-DE#l and 
2 -DE #2 (see Table 1) because the protein abundance set is a significantly smaller subset of the genome. By definition, this subset contains 
only proteins thai can be identified by 2-D gel electrophoresis and is therefore biased in this sense. The enrichment figures throughout this 
paper, through a comparison of the right- and left- sides of this figure, show the results of ihe experimental biases of 2D gels on the data set. 
Each pie chart represents a composition of a particular protein feature F (for instance, an amino acid composition) in a population*(repiesenled 
by the symbol u.). We can further look at the 'enrichment* of this feature in one population relative to another (represented by the symbol A, 
see Section 'Methods* for an explrtoatiorTof the formalism). 



which we summarize below. We present a more detailed 
review of the methods on our web site. 
. We start with the values of one gene chip data set i) t 
where / is used throughout as a subscript to denote gene 
number. We then transform the values of the next Gene 
Chip data sel X s to X, with the following non- linear regres- 
sion: min Y.i W ~ w itb = AX? where A and B 
are the parameters of the regression. Note that two Gene 
Chip sets may not be defined for ihe same set of genes, 
so we have to perform ihe fit only over the genes com- 
mon to boih sets. The motivation for scaling is that ihe 
dynamic range of observed expression levels varies some- 
what between dif/ejem data sets, ah hough cell types and 
growth conditions are very similar. Reasons for dispar- 
ity may include different calibration procedures for relat- 
ing fluorescence intensity io a cellular concentration (mea- 
sured in copies of transcripts per cell) or differ enl pro- 
tocols for hat vesting and reverse- transcribing the cellular 
mRNA. 

We then merge and avciage the via in to cieate a new 



reference set V as follows: 



If V, and Y: aie both defined for °ene / and — < a 



Then V f = \(Yi ; + U t ) 

Else if only Y; exists, V; = Yi 

As presented above, where only one data set has a value 
for the corresponding 0RJ\ we incorporated that value 
and did not exclude it. When both data sets have values 
for an ORE we averaged the values if they were within 
15% of each other; otherwise, we just stayed with the 
original chip data set (/,-. We used o* = 15% in order to 
prevent outliers from skewing the result. This 15% value is 
a reasonable threshold for excluding out hers though other 
values (e.g. 10 or 20%) would give similar results (data 
not shown). Oilier data sets are subsequently included in 
the same procedure, continuing the iteration from ihe new 



587 



D.Greenbavm et a*. 



expression values Vj. The initial iteration starts with the 
Young Expression Set, as Uj, since we have the highest 
confidence in its accuracy. . 

The SAGE data (VelcuJescu et al t J 997) was not 
included in the above procedure since it is of a funda- 
mentally different nature. An advantage of the SAGE 
technology over Gene Chips is that there is no possible 
signal saturation for high expression levels, as is possible 
for chips (Futcher et al r 1999). Conversely, SAGE values 
are less reliable for lowly expressed genes since there 
is a chance that one might not sequence , a SAGE tag 
corresponding to such a gene altogether. Therefore, if 
after the last iteration, the average Gene Chip expression 
level Yi was both above a certain threshold fi and below 
the SAGE expression level Sj for the same gene, it was re- 
placed with the SAGE value; otherwise the average Gene 
Chip value was kept. This gave us our final expression 
set w m R WA . Our treatment of the SAGE data is modeled 
after that in Futcher et at (1999), and like them, we used 
P = 16. 

This incorporation of the SAGE data into the reference 
data set ensures that the highly expressed outliers are as 
accurate as possible. 

Rather than plain arithmetic averaging, this overall scal- 
ing procedure with the a cutoff avoids 'artificial averages' 
that combine very different values for a particular gene. 
Some expression values might be statistical outliers. In . 
addition, it may be possible that the expression levels of 
a variety of genes can only be within mutually exclusive 
ranges or modes, such as when two alternative pathways 
ore switched on or off. Simply averaging these would give 
values that are less representative of the particular mode 
values. This situation is analogous to that in averaging 
togciher an ensemble of protein structures (Ke from NMR 
structure determination). Each structure could be stereo- 
chemically. correct, with aJJ side-chain atoms in predefined 
rotamer configurations. However, an average of all struc- 
tures could yield one that is stereochemical^ incorrect if 
this involved averaging over particular side-chains in dif- 
ferent rotameric states. 

Wiih regard to our regression analysis, we have investi- 
gated both non- linear and linear fits but found a non- linear 
procedure to be more advantageous. The non- linear rela- 
tionship between different expression data sets perhaps 
reflects saturation in one or more of the Gene Chips — not 
an uncommon phenomenon. This non- linearity is imme- 
diately evident on scatter plots of two data sets against 
one another (.see website). Accordingly, the non-linear 
fit produces a smaller residual than the linear fit: 98 297 
f non- linear) versus 122 182 (linear) for the scaling of the 
Church data set and 59 828 (non-linear) versus 67 162 
(linear) for the Samson data set. 
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A reference set for protein abundance. We followed a 
similar procedure to calculate a reference protein abun- 
dance set from the two gel electrophoresis data sets. We 
first scaled the two data sets against the mRNA expres- 
sion reference data set, getting regression parameters C; 
and Dj: 

\ * 

where the subscript j indicates the data set 2-DE #1 or 
2-DE #2 respectively; Pj j is the pTOtein abundance value 
in data set j\ and u> m RNA,; the corresponding reference 
expression value, and Cj and Dj are the parameters of 
the non-linear regression. 

Using these parameters, we transformed the values of set 
2-DE #2 onto 2-DE.#J. Then we combined both sets into 
the reference protein set by averaging them, if both 
values existed. Otherwise, by using the existing value, viz: 




wpim.i = (Pa + £?;.2)/2 if both Pa and Q i 2 exist. 
Else if only P im t exists, wj> rtM j = P { , 
Else if Q i 2 exists, u/p, oU = Q i 2 . 

Enrichment of features 

Formalism. Jn the next part of our analysis, -we want 
to group a number of proteins together into various 
categories based on common features, and characterize 
those features that are enriched in one population relative 
to another, i.e. the translatome population of proteins 
as measured by 2D gels relative to the transcriptome 
population of transcripts or the genome population of 
genes. To this end, we set up a formalism that could 
be applied universally to all the attributes that we were 
interested in. Due to the limitations of the experiments, 
the translatome, transcriptome, and genome populations 
are defined on different sets of genes, and sometimes we 
want to remove this 'selection bias' by forcing them to be 
compared on exactly the same set of genes. This is a key 
aspect of our formalism as presented in Figure I . 

We call an entity like |w, G] a 'population/ where G 
is a set describing a particular selection of genes from the 
genome and w is vector of weights associated with each 
element of this population. In particular, we foc us On three 
main populations here: 

0) IT f'Cfn] is die population of genes in the genome- 
all 6280 eenes weighted once (w = IV 

(ii) h v niRNA : mRNA 3 is the obseivcd population of the 
transcripts in the iranscriptoine. i.e. the (>249 genes 
in the reference expression set weighted bv their 
reference expression value; 



mRNA expression and protein abundance data 



(iiii) [wpyot, Gphj,} is the observed cellular population of 
the proteins in the translatome, i.e. the 181 genes 
in the reference abundance set weighted by their 
reference abundance value. 

(The set of genes in the genome Go* is approximately 
equal to the genes in set Gm^A, such that we can use 
both symbols interchangeably.) We can also use this nota- 
tion to describe specific experiments— -e.g. [w^^, G\ 3C z] 
describes the gene set and weights relating to the transpo- 
son abundance set. 

Furthermore, we define Fj as the value of a feature F 
in ORF j. For example, F could be the composition 
of leucine (a real number) or a binary value (0 or J) 
indicating whether an ORF contains a trans-membrane 
segment Given these definitions, the weighted average of 
feature F in population [w, G) is: 



ZjzC w j F j 



w. 



The weighted averages of two populations [w, G] and 
[v, S) can be compared by simply looking at their relative 
difference A: 



A(fV[v,S], [w, G)) = 



M^.K S})~n(F,[*r G}) 
H(FA*,G)) 

where v and w are weights lor the seis of ORFs S and G 
respectively. We cat! A the 'enrichment* of feature F 
because it indicates whether F is enriched (if A is 
positive) or depJeled (if A is negative) in population [v, S] 
relative lo (w, G). 

Usually, the gene set G is defined by ihe particular 
experiment, lor which the weight w was measured. 
However, it is also possible to combine the gene set 
associated with one experiment with expression levels 
from another set. One may want to do this to compute 
Ihe enrichment only on ihe genes common to both 
populations, for which there are defined values for both w 
and v, viz: A(F. [v, S O G). \w, S n GJ). In practice, 
this is most relevant for comparing Gy tol and G mRNA . 
Since Gp riM is completely a snbsci of G m ^ Al w e need 
not explicitly deal with intersections, if we calculate all 
statistics directly over Gp, ol . 

One can adjust the weight vectors to take into account 
different types of averaging. For instance, when com- 
puting ihe amino acid composition [F = an) from the 
amino acid compositions of individual ORFs Fj — aoj 
(Yj € G). we weight by ORF length. ) n i| )e case of . 
expression weights, we have: 

XV j - /VyWn.RN.v, Vy € G 

where Nj is a measure of lire length of ORF / (such as the 
number of amino acids). 



■On the other hand, when computing the average molec- 
ular weight per amino acid, we need to normalize by the 
number of amino acids per ORF, which is equivalent to 
choosing the following weights: 



Wj = 



V/ e G. 



Application of methodology to quantitative 
abundance sets 

Having defined our formalism, we applied it to a diverse 
set of protein features in yeast. 

Amino acid enrichment As shown in Figure 2a, we used 
our methodology to measure the enrichment of individual, 
amino acids in both the translatome arid the transcriptome 
relative to the genome. We found that three amino acids — 
valine, glycine and alanine — were consistently enriched in 
both transcriptome and translatome populations. 

In Figure 2a we compare different gene Sets. In Fig- 
ure 2b we focus mainly on Ihe variation in enrichments 
when all the comparisons are restricted to the set of 1 81 
genes (Gp Jot n G m R NA = Gp rol ) common to all data sets. 
Thus, the differences between the populations now only 
reflect the effects of differential transcription of certain 
genes and differential translation of certain transcripts. 
We find here an enrichment specifically of cysteine in the 
translatome in relation to the transcriptome. 

.To measure the statistical significance of the results on 
amino acid enrichment, we have performed a control anal- 
ysis on a randomized data set (Figure 2d). We randomly 
permutated the expression values of the ORFs 1000 times 
and then recomputed the enrichments. This allowed us to 
compute distributions for the amino arid enrichments artd, 
from integrating these, one-sided p- values indicating the 
significance of the observed enrichments. 

Amino acid enrichment in Transposon data seL We 
also tried to extend our methodology, ineffectively, to 
cope with the semi-quantitative Transposon set. We used 
only those 450 ORFs that consistently yielded either no 
expression or high expression, as binary data, on or off. We 
show the enrichments of amino acids computed from this 
filrered Transposon abundance set in Figure 2a. Overall, 
the enrichments from this set seemed to be attenuated in 
comparison to other data. 

Biomass enrichment. A corollary to amino acid enrich- 
ments is the determination of the average biomass of the 
transcriptome and irnnslarome populations (shown in Fig- 
ure 2c). We found thai the average molecular weight of 
a protein in both populations was. on average, lower than 
in the genome population. These preliminary observations 
suggest a cell preference to use Jess energetically expen- 
sive proteins for those that ate highly transcribed or trans- 
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Fig, 2. Amino acid and biomass enrichment, (a) Shows the amino acid enrichments between different populations as indicated by the legend 
to the right of the plot (the legend is ordered in the same way as the schematic illustration in Figure I). The bars indicate the enrichment of the 
transcriptome relative to the genome, whereas the circles indicate the enrichment of the translatome relative to the genome. In addition, we 
also show the enrichment for protein abundance from the Transposon abundance set, represented by the circles with ihe line through them, 
(b) Shows a different view of amino acid enrichment from that contained in (a), now focusing on changes, and thus restricting the comparison 
to the genes common to all the data sets. The graph is ordered according to the enrichment from transcriptome to translatome (black squares). 
We focus here only on the changes for the abundance gene, set (Gp roI ) to exclude the effects that arise from looking at different subsets. In this 
view the enrichments from genome to transcriptome (white squares) and from genome to translatome (white diamonds) look more similar 
than do the analogous sets in (a). To make comparison with (a) easier we again show the enrichment from genome to the transcriptome for 
the complete gene set (Gcem shown in bars), (c) Shows biomass enrichment. The left panel depicts the average molecular weight per ORF 
(in units of kDa) and the right panel, the average molecular weight per amino acid (in units of Dallons) in each of the thiee stages of gene 
expression. The numbeis inside Ihe ciicles indicate the average molecular weights. The values next to the arrows indicate the enrichments 
in biomass between different populations. Both the circle diameters and the arrow widths are functions of the corresponding values (the 
hollow arrow indicates a positive value). It is very clear that the average molecular weight per ORF is much lower in the translatome (by 20 
or 15%) and transcriptome (by 29%) than in the genome. This relative depletion of biomass mainly takes place as a result of transcription; the 
effect of translation is less clear, depending on the populations compared. On the other hand, the depletion in the average molecular weight 
per amino acid (-3.3% from genome to translatome) is an order of magnitude smaller than in the average weight per ORE This shows 
that the yeast cell favors the expression of shorter ORFs over longer ones, and agrees with our earlier observation that there is a negative 
correlation between maximum ORF length and mRNA expression (Jansen and Gerstcin, 2000); it seems that this effect mainly lakes place 
during transcription ra'ihei than translation. (d)This plot shows that Ihe amino acid enrichments are statistically significant. We have assessed 
signi5cance by randomly permuting ihe expression levels among the genes and then recomputing the amino acid enrichments. This procedme 
can be repeated and used to generate distributions of random enrichments lhal can iben be compared against the observed enrichments. Jn 
the plot ihe gray bars represent I he observed enrichments already shown in Figure 3a. On top of the gray bars we show- standard box plots 
of enrichinr m distributions based on 1000 random permutations. (The middle line represents the distribution median. The upper and lower 
.sides of ihe box coincide wjih the upper and lower quariiles. Outliers are shown as dots and defined as data points that aje outside the range 
of the whiskers, the length of which is 1.5 the interquartile distance.) Based on the random distributions, we can compuie one-sided p- values 
foi the obsrpvfi) enrichments. Amino acids for which the p~ values arc less than J0~" are shown in bold font. 





la ted. Howevei. we also found that the average, molecu- 
lar weight per amino odd differed much less between the 
transcriptome and the tianshtome on the one hand, and the 



genome on the other hand (though it was still slightly less). 
This finding indicates thai lower molecular weights in the 
transhiome and transcriptome relative to the genome are 
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predominantly due to greater expression of shorter pro- 
teins rather than the incorporation of smaller amino acids. 

Secondary, structure composition. We also used our 
methodology to study the enrichment of secondary- 
structural features. Secondary structural annotation was 
derived from structure prediction applied uniformly to all 
the ORFs in the yeast genome as described in Table 1. 
As shown in Figure 3a, all three populations — genome, 
iranscriptome, and translatome — had a fairly similar 
. composition of secondary structures — sheets, helices, and 
coils. The differences between populations were marginal 
and based only on the small subset of genes. 

We also found that Transmembrane (TfVl) proteins 
were significantly depleted in the transcriptome (see 
website and caption). These results are consistent with 
our previous analyses (J onsen and GciMein, 2000). The 
protein abundance data does not have any membrane 
proteins. 

Subcellular localization. Figme 3c shows the enrich- 
ment of proteins associated with the various subcellular 
compartments. For clarity, we divided the cell into five 
distinct subcellular compartments, (see Table 1). We 
found that, in comparison to the genome, both ihe Iran- 
scripiome and translatome are enriched in cytoplasmic 
proteins. This is true whether wc make oui comparisons in 



relation to the relatively large reference rnRNA expression 
set or the smaller reference protein abundance set. As 
Figure 3c shows, the 2D gel experiments are clearly 
biased towards proteins from the cytoplasm. However, in 
the biased subset Gp, ot transcription and translation lead 
to an even higher fraction of cytoplasmic proteins in the 
translatome. 

Functional categories. Finally, we compared the enrich- 
ment of various functional categories in both the trans- 
latoroe and the transcriptome (see Figure 3b). This gives 
us a broad yet informative view of the cell as a whole. As 
described in Table I, we used the top-level of the MIPS 
scheme for the functional category definitions. We found 
broad differences between the various populations, with 
some of the functional categories showing strikingly high 
enrichments. 

DISCUSSION AND CONCLUSION 

We developed: (i) a methodology for integrating many dif- 
ferent types of gene expression and pioicin abundance into 
a common framework and applied this to a preliminary 
analysis; (ii) a procedure for scaling and merging different 
rnRNA and protein sets together; and liii) an approach for 
computing the enrichment of various proieomie features in 
i he population of transcripis and proteins. We showed thai 
by analyzing broad categories instead of individual noisy 
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Fig. 3. Breakdown of the transcriptome and translatome in terms of broad categories relating to structure, localization, and function. All 
of the subfigures are analogous to the schematic illustration in Figure I. (a) Represents the composition of secondary structure in the 
different populations, {b) Represents the distribution of subcellular localizations associated with proteins in the various populations. We used 
standardized localizations developed earlier (Drawid and Gerstein, 2000), which, in turn, were derived from the MJPS, YPD, and SwissProl 
databases (Bairoch and Apweiler, 2000; Costan20 ex ai, 2000; Mewes ex ah, 2000). The subcellular localization has been experimentally 
determined for less than half of the yeasi proteins, so our analysis applies only to this subset, (c) Shows the division of ORFs into different 
functional categories (according to the MIPS classification) in the various populations. Only the largest functional categories of the top level 
of the MIPS classification aje shown. The group 'other' contains the smaller top-level categories lumped together. This 'other' group is 
diffeient from the group 'unclassified,' which contains genes without any functional description. 



data points, we could find logical trends in the underlying 
daia. For example, individual transcription factors might 
have highei or lower protein abundance than one expects 
from their mRNA expression, but the category 'transcrip- 
tion factors' as a whole has a similar represent a l ion in the 
iranscripiome and translatome. 

We found, as previously described (Futcher et a/.. J 999; 
Gygi et /?/.. 1999b; G/cenbaum et at.. ?00I), a weak 
corf cJat ion between individual measutements of mRNA 



and protein abundance. The outliers of this correlation 
lend lo be associated with cellnjaj organization. One 
might conceive of using these outliers (i.e.' those with 
significantly diffeient transcriptional and translational 
behavior) to fim\ consensus regulator)' sequences. One 
possible method would involve using predicted mRNA 
structures f Jaeger et oi, 1990; Zuker, 2000) to find and 
investigate consensus structural elements in these outliers 
to which the yeast translational machinery is known to be 
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Table I. Data sets 



Data set 



mRNA expression 
Young 

Cbmch 

.Samson 

SAGE 

Reference expression 

Protein abundance 
2-DE#|. 

2-DE #2 
Transposon ■ 

Reftience abundance 

Annotation 

Annotated localization 

TM segments- 

MIPS (unctions 

GOR secondary structure 



Description 



Gene chip profiles yeast cells with 
' mutations that affect bansenptioo 

Gene chip profiles of yeast cells 
under four different conditions 

Comparing gene chip profiles for 
yeast cells subjected to alkylating agent 

Yeast cells during vegetative growth 

Scaling and integrating the mRNA 
expression set into one data source 



Measurement of yeast protein 

abundance by 2D gel 

electrophoresis and mass spectrometry 

Similar 16 2-DE set #1 

Large-scale Fusions of yeast genes 
with focZ by bansposon insertion 

Scaling and integrating the 2- DE 
data sets into one data source 
» 

Subcellular localizations of yeast 
proteins 

Predicted TM and 
soluble proteins in yeast 

Functional categories for yeast 
ORFs 

Predicted secondary structuje 
yeast ORFs 



Size (ORB) 



5455 

6263 

6090 

3778 
6249 



156 

71 
1410 

181 



2133 
(6280) 

2710 
(6280) 

3519 
(6194) 

6280 



Reference 



Holstegerfa/. (1998) 



Roth et ol (1998) 



Jclinsky and Samson { 1999) 



Velculcsciirtfli. (1997) 



Gygi rroU1999a>) 

Futcher etol. (1999) 
Ross-Macdonald etol (1999) 



Drawid and Gerstein (2000) 



Gerstein ( 1 998a.b„c) 



Mewes etol. (2000) 



Gerstein (I998a,b,c) 



TTiis table provides an overview of the data sets used in our analysis. The table is divided into three sections. The top section lists different mRNA expression 
sets. The middle section shows the protein abundance data sets used. The bottom section contains different annotations of protein features. The column 'Data 
set' lists a shonhand refeience to each data set used throughout this paper The next columns contain a brief description of the data sets, the number of ORFs 
contained in each of them, and the literature reference. In contrast to the other data we investigated, the reference expression and abundance data sets have 
been calculated for the purpose of our analysis (see text). An expanded version of the table is available on our web site. 

Some further information on the genome annotations: 

Localization. Protein localization information from YPD. MIPS and SwissProl were merged, filtered and standardized (Bairoch and Apweilet. 2000; 
Costamo ex at., 2000; Mewes e i at.. 2000) into five simplified compartments— cytoplasm, nucleus, membiane, extracellular (including proteins in ER and 
golgi). and mitochondrial— according to the ptotocol in Dtawid et at. (2000). This yielded a standardized annotation of protein subcellular localization for 
2 1 33 out of 6280 ORFs.' 

TM it£menii. In 27 1 0 out. of 6280 yeast ORFs TM segments arc predicted to occur, ranging from low to high confidence (732 OR Fs). The TM picdiction was 
performed as follows: the values from the scale for amino acids in a window of size 20 (the typical size of a TM helix) were averaged and then compared 
against a cutoff of - 1 kcal moT 1 . A value under this cutoff was taken to indicate the existence of a TM helix. Initial hydrophobic fetches corresponding to 
signal sequences for membrane insertion were excluded. (These have the pattern of a charged residue within the first seven, followed by a stretch of M with 
ur 

membrane proit 
fj ai. 2000. Senes et at.. 2000). 

Funttifim. MIPS functional categories have been aligned to 3519 out of 6194 OKH. (The icinaindcr aie assigned to category '?8' or *99.' which 
corresponds io unclassified function ) 



ignar sequences tor memoraneinsemon were caliuucu. \ »<"«- f"""" u ' *■■»—(,■ — - ■> 

n average hydrophobicity under the cutoff.) These parameters have been used, tested, and ic fined on surveys of membiane protein in genomes. Su,e 
winbiane proteins had at least rwoTM-segmcnts with an average hydiophobicity less than -7 kcal mol" '.(Rost era!.. 1995; Gerstein t\ at.. 2000, S 



Sanioni 



sensitive (McCarthy, 1998). 

)n relation io functional . categories, we found three 
trends thai were parttcnlaily notable: (i) *t>e ' cellular 



organization/ 'protein synthesis/ and eneigv pioduciion" 
categories were increasingly enriched as we moved from 
°enome io iranscriptotne io iranslatome. In ihe nanscrip- 
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tome and translatome population relative to the genome; 

(ii) proteins with 'unclassified function' are significantly 
depleted, perhaps reflecting a bias against studying them; 

(iii) proteins in the 'transcription' and 'cell growth, cell 
division, and DNA synthesis* categories were consistently 
depleted. This reflects the fact that many of these proteins, 

. such as transcription factors, act as 'switches* such that 
only small quantities of the protein are necessary to 
activate or deactivate a process. These results concur with 
previous calculations (Jansen and Gerstein, 2000) wherein 
we found the transcript ome is enriched specifically with 
proteins involved in protein synthesis and energy. 

Limitations given the small size of the protein 
abundance data 

Even with the extended coverage made possible by 
merging many data sets together into reference sets, the 
analysis is still limited by the minimal data. This was 
most applicable to the protein abundance measurements, 
potentially biasing our statistical results towards certain 
protein families. Moreover, the J8J proteins in <jp> m do 
not represent a random sample. They are skewed towards 
highly expressed, well-studied proteins. Our methodology 
attempts to control for this gene-selection bias through 
our enrichment formalism, which allows one to rather 
precisely gauge various aspects of the bias. Conversely, 
many protein features in boih the translatome and the 
transcriptome are dominated by highly expressed proteins. 
Under these circumstances, it is often sufficient to look at 
this smaller number of dominating proteins to characterize 
the whole population. This is similar to the development of 
the codon adaptation index for yeast (Sharp and Li, J987). 
While based on only 24 highly expressed proteins, it has 
proven to be robust in predicting expression levels for the 
entiie genome. 

We believe that the essential formalism and approach 
that we develop will remain quite relevant for future data 
sets (Smith, 2000). 
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Thymidine kinase, thymidylate synthase, and dihydropyrimidine 
dehydrogenase profiles of ceU lines of the National Cancer Institute's 
Anticancer Drug Screen. 

QrcsUL ff"«*Hf KD, Behgj^ Ymyig L, Danenber* PV Np„y*nn 
Drake J, Monks A , AHegra CJ . - ■ ■ y ' 

Developmental Therapeutics Department, Medicine Branch, Division of Clinical 
MaryS "fST- **** * ^ ^ ^ ^ Center ' Bethe ^ 

fl!i!f T ° d ?T ni S ex P ression of ft«e targets of 5-fluorouracil (5-FU) and 5- 

snT OT ^ X ^ me (FdUrd) in hUman ^ 0611 Iines and to compare these Ufh the 
50/ogrov^h^bihc^ concentrations (GI(50)) from the National Cancer Institute 
database. EMNTAL DESIGN: Thymidine kinase (TK) activity wJ««ea by 
convers.cn of [(3»hyrmdine to [(3)H]TMP. Thymidylate synthase (TS) protein 
expression was determined by Western analysis. TS and dihydropyrimidine 
dehydrogenase (DPp) mRNA expression were measured by quantitative reverse 

gSC - R 'S; "5? median <™"W»" for * e were as follows: 5-FU 

GI(50), 20.8 microM (0.8-536); FdUrd GI(50), 0.75 microM (0.25-237)- TfC 0 93 

<: * rP i 09 (° 00 - 24 - 4 )- A moderately strong correlation wa^ 

noted between 5-FU andTdUrd GI(50)s (r = 0.60), whereas a weak-moderate correlation 
:Was *een between TS mRNA and protein expression.^ = 0.45),Neither TS expression 
nor TK achvtty correlated WI th 5-FU or FdUrd GI(50)s, whereas lines with lower DPD 

SZ° n « - to ?" SitiVe tQ CeU Iines with faster d o«bling times and 

wild-type P 53 were s.gmficantly more sensitive to 5-FU and FDURD: CONCLUSIONS- 

The lack of correlation may in part be attributable to the influence of downstream factors 

^JhTA i ^ f T° n ?f m ° re Sensitive ceU ,ines faster doubling times 
t^ ltr VdS ' ^ ^ stand ani procedure of the screen that uses a relatively 
short (48-n) drug exposure. 7 
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Gala iiia in pituitary adenomas. 

grenhack E , Bfellcrup P, Wallern.an E, Lnndblad L . Anggard A . Ericson K . Aman 
K, Landry M, Schmidt WE . Holcfelt T. Halting AL . 

Department of Molecular Medicine, Endocrine and Diabeles Unit, Karolihska Hospital 
• b-I7I76 Stockholm, Sweden. Eva.Grenback@ks.se 

Tumor galanin content was measured in extracts from human pituitary adenomas using a 
specific RI A method for monitoring human galanin. Twenty-two out of twenty-four 
tumors contained galanin with notably high levels in corticotroph adenomas, varying 
levels in chnically inactive tumors, and low levels in GH secreting adenomas. Tumor 
galanm and ACTH contents were closely correlated in all tumors. In four young patients 
with microadenomas and highly active Mb Cushing tumor galanin was inversely related 
to tumor volume. The molecular form of tumor galanin, studied with reverse-phase 
HPLC, was homogeneous with the majority of rumor galanin coeluting with standard 
human gaJanin. In the tumors analysed with in situ hybridization there was a good 
correlation between galanin peptide levels and galanin mRNA expression In some 
tumors galanin mRNA and POMC levels coexisted, in others they were essentially in 
different cell populations. Levels of plasma galanin-LI were not related to tumor galanin 
concentration, and galanin levels were in the same range in sinus petrosus close to the 
pituitary venous drainage as in peripheral blood: Corticotrophin releasing hormone 
injections in two patients caused ACTH, but no detectable galanin release into sinus 
petrosus. Our results demonstrate that corticotroph, but not GH adenomas, express high 
levels of galanin, in addition to ACTH, and that in some tumors both polypeptides are 
synthesised in the same cell population. However, galanin levels in plasma were not 
influenced by the tumor galanin content. 

PMID: 14700749 [PubMed - indexed for MEDLINE] 
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Protein abundancy and mRNA levels of the adipocytc-type fatty acid 
biuding protein correlate in non-invasive and invasive bladder transitional 
cell carcinomas. 

Gromova t , Gromov P . Wolf JFT, CglisjnR 

Department of Medical Biochemistry and Danish Centre for Human Genome Research 
The University of Aarhus, Aarhus C, Denmark. 

The adipocyte type fatty acid-binding protein (A-FABP) is a small molecular weight fatty 
acid-binding protein whose expression correlates both with the grade of atypia and the 
stage of bladder transitional cell carcinomas (TCCs). To determine if the protein 
abundancy correlates with the mRNA levels in non-invasive and invasive lesions we 
have analysed fresh TCCs (grade 11, Ta; grade III, T2-4) by two-dimensional 
polyacrylamide gel electrophoresis (2D-PAGE) and measured the mRNA levels using the 
reverse transcription linked polymerase chain reaction (RT-PCR). Overall, the results 
showed a good correlation between protein abundancy and mRNA levels, indicating that 
the lack of expression of the protein observed in some lesions reflects low levels of 
transcription of the A-FABP gene rather than translation^ regulation. In addition our 
studies showed that the loss of A-FABP protein observed in some tumors is not ' 
compensated by an increase in the skin fatty acid-binding protein P A-FABP as is the 
case in the A-FABP knockout mice. 
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Abstract. The adipocyte type fatly acid-binding protein (A- 
FABP) is a small molecular weight fatly acid-binding protein 
whose expression correlates both with the grade of atypia and 
the stage of bladder transitional cell carcinomas (TCCs). To 
determine if the protein abundancy correlates with the 
mRNA levels in non-invasive and invasive lesions, we have 
analysed fresh TCCs (grade II, Ta; grade III, T 2 . 4 ) by two- 
dimensional polyacrylamide gel electrophoresis (2D-PAGE) 
and measured the mRNA levels using the reverse transcnption 
linked polymerase chain reaction (RT-PCR)- Overall, the 
results showed a good correlation between protein abundancy 
. and mRNA levels, indicating that the lack of expression of 
the protein observed in some, lesions reflects low levels of 
transcription of the A-FABP gene rather than translational 
regulation- In addition, our studies showed thai the loss of A- 
FABP protein observed in some tumors is not compensated 
by an increase in the skin fatty acid-binding protein PA- 
FABP. as is the case in the A-FABP knockout mice. 

Introduction 

Bladder cancer accounts for 4.7% of Till human cancers 
diagnosed. The spectrum of bladder tumors is broad with 
various histological types that include transitional cell 
carcinomas (TCCs), squamous cell carcinomas (SCCs), and 
adenocarcinomas (1-3). TCCs are by far the most prevalent 
tumors as they represent nearly 95% of all bladder cancers m 
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the Western Hemisphere. Al first presentation, about 70% of 
the urinary bladder TCCs are diagnosed as differenUaled 
superficial lesions that are confined either to the mucosa 
(Ta), or to the underlying connective tissue (t The rest 
correspond to highly invasive, poorly differentiated tumors. 

Non-invasive TCCs occur as two distinct growth patterns, 
papillary and non-papillary (fiat) lesions ,(1,2); that display 
significant differences in their malignant- potential and that 
are believed to originate from different genetic alterations 
(4-6). Papillary carcinomas usually correspond to low-grade 
lesions which frequently recur multiple times. These tumors 
be<nn as areas of hyperplasia that later undergo a process of 
dedifferentiation (grades MV). Invasive tumors may anse 
Trom these lesions, but often are derived from non-papillary 
carcinoma in situ that usually is of high grade al presentation 
and tend to. invade and progress to muscle invasion and 

metastatic disease. 

To date many attempts have been made to pinpoint genetic 
changes that underly progression of bladder cancer as well as 
to identify molecular markers that correlate with tumor 
progression. Cytogenetic studies and molecular geneuc data 
have shown that chromosomes 3p, 4p, 4q, 5q. 8p, ^> **> 
lip I3q, I4q ; )7p and 18q are frequently altered m bladder 
urothelial tumors (4,5 and refs. therein), and as a whole they 
have supported the notion that bladder cancer is a multistep 
process. Recently, Spruck et al (6) showed that chromosome 
9 alterations occur early during development, while p» 
mutations appear later in the process and confer invasive 
properties. The situation however is reverse in the case oi 
Cis as a large fraction of these lesions contain p53 mutations 
(5 6 8 9) Besides pointing towards two divergent pathways ol 
bladder tumor progression, these studies implied that the order 
in which the genetic changes occur is important m deterrmmn,, 
the outcome of the lesion. oh 

Assessment of bladder cancer is based on a ^orou 
pathological examination of biopsy material which J " la ~ 
The histology type of the tumor, its degree of «feen~ 
(orade) and depth of invasion of the bladder wall (sia 0 in c 
(10-12) In spite of strict cnteria for the pathological ^ es * me " 
of these lesions, there cist a significant '"^P 3 * 0 ^ 
variation, a fact that emphasises the need for object, 
markers .hat may aid .heu clarification. With this in mind 
we ore e*ploring the possibility of using proteorne {IS) 
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expression profiles of these lesions as fingerprints lo define, 
their grade of atypia and eventually their stage (3,14). So far. 
more than 400 tumors of various grades and stages have been 
analysed by two-dimensional polyacrylamide gel 
electrophoresis (2D -PAGE), and preliminary experiments 
have shown that even though the overall protein expression 
profiles of tumors of the same grade and stage are very similar, 
there are important differences suggesting that morpho- 
logically 'identical* TCCs may be further subdivided (I). Of 
the biomarkers of TCC progression identified so far, the 
adipocyte-type fatty acid binding protein (A-FABP) is 
perhaps one of the most interesting as the levels of this 
polypeptide have been shown to correlate both with the grade 
of atypia as well as with the stage of the disease (3). Given 
the putative importance of A-FABP as a progression marker, 
and since Anderson and Seilbeimer (15) recently showed thai 
post-transcripuonal regulation of gene expression is a frequent 
phenomena in higher organisms, we have compared the levels 
of A-FABP mRNA and protein in non-invasive and invasive 
bladder TCCs expressing and lacking ihis protein. 

Materials and methods 

Tumors. Fresh bladder tumors were obtained immediately 
after transurethral resection. The grade and clinical stage of 
the tumors were determined by the pathologist at the Aarhus 
Municipal hospital. Clean tumors devoid of blood clots were 
divided into small pieces for 2D PAGE and DNA, and RNA 
preparation. The latter were immediately frozen in liquid 
nitrogen and store at -80"C until use. 

PS/- methionine labeling and 2DPAGE. In a few cases, 
small tumor pieces were labeled with pSJ-melhionine as 
previously described (3). 2D-PAGE was performed 
according to published procedures (16; see also htlp: 
//biobase.dk/cgi-bin/celis). 

RT-PCR. Frozen tumor samples were ground to powder in 
liquid nitrogen and total RNA was isolated using the acid 
guanidium isoihiocyanate/phenol chloroform extraction 
procedure (17). The samples were treated with RNaseTree 
DNases I (Pharmacia) to eliminate contaminating genomic 
DNA using the protocols recommended by the supplier. 
Poly(A)* RNA was prepared using Poly (A)' Quick columns 
according to the manufacturer s instructions (Stratagene). The 
synthesis of cDNA for RT-PCR reactions were carried out 
using the Gibco BRL Superscript Kit. Two pg of total RNAs 
was mixed with oligo -dTll primer, PCR buffer. Iv1gCI 2 
(25 mM). 0.1 M DDT and 10 mM dNTR The mixture was 
incubated at 42"C for 5 min followed by ihe addition of 
Superscript II reverse transcriptase and further incubation at 
42T for 50 min. The reaction was terminated by raising the 
temperature to 70'C for 15 mm, followed by additional 
incubation at 37"C for 20 min in the presence of RNase H to 
deplete the RNA. Primers for known and cloned genes were 
purchase from Pharmacia as follows: A-FABP. Upper (from 
186-208 bp) 5'-GATCATCAGTGTGAATCGCGAT-37 
lower (from 374-31>7 bp) 5* CATCCTCTCGTTTTCTCTTT 
ATG-3'; B-ociin upper 5*-GAGCTTGGCTCTGACTGTACC 
AC-3/lower 5 -CTCAITCaGCTCTCGGA ACATCTCG 3\ 



Tabic I. Expression of A-FABP in non-invasive and invasive 
bladder TCCs; 
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•The levels of a A-'FABP protein were determined based on ihe 
visual analysis of Copmassie Brilliant Blue stained gels and 
represent the average estimate of at least two different runs. Tumors 
scored as positive differed significantly with respect to the levels of 
the protein, and therefore are indicated with either four (very high), 
three (High), two (medium) and one (low) cross (see also Fig. I); 
'The mRNA levels were determined based on the intensity or 
Ethidium Bromide stained cDNA bands separated on agarose gel 
using the Bto-Rad Gel Doc 1000 System and represent the average 
estimate of at least ihree independent experiments. Corresponding 
mRNA levels are represented by crosses as described above. 



PCR reactions were performed in a Progene thermal cycler 
using the Advantage Klen Tag Polimerase (Clonlech). The 
cycling parameters consisted of 30 sec of denaluration at 
94*C, with annealing of 30 sec at 60*C for B-actin or at 
64'C for A-FABP. The extension time was for 2 min at 68*C 
for 29-40 cycles with the final extension of 7 min at 68*C. The 
PCR products were separated on 1.5% agarose gel 
electrophoresis followed by ethidium bromide staining and 
photography under LTV light. 

Results 

A- FA BP protein levels in noninvasive and invasive TCCs. 
One hundred suspected TCCs removed at the Department of 
Urology, Skejby Hospital, were analysed by high resolution 
2D PAGE ond Coomassie Brilliant Blue staining. Of these, 
10 grade Jl.. Ta TCCs (Table J) were. chosen lo correlate A- 
PABP protein and mRNA levels as these lesions yielded 
acceptable protein profiles both in terms of their purity as 
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Finure I 1EF 2D gels of whole cellular eAiracis from non-invasive and 
inLive TCCs. A. TCC 532-1 ; B. TCC-692-1 . C TCC 763- I : D. TCC 709-1 
and E. TCC 71 1- 1. Only ihe relevant area of the gels are shown. 



assessed by monitoring for the absence of vimentin 
(contamination with connective tissue) and desmin 
(contamination with smooth muscle cells), as well as 
polypeptide resolution. In addition, reasonable amounts of 
these tumors were available for mRN A preparation- 
Table I shows the levels of A-FABP protein expression in 
the 10 tumors analysed by 2D PAGE. The data were scored 
entirely based on the visual analysis of Coomassie Brilhanl 
Blue stained gels and represent an average estimate of at 
least two different runs. Tumors scored as positive differed 
significantly with respect to the levels of this protein, and 
therefore are indicated with either four (very high), three 
(high), two (medium) and one cross (low). Representative 
examples of Coomassie stained 2D gels of tumors exhibiting 
very high (TCC 532- U Fig. IA), high (TCC 692-1; Fig. IB), 
medium (TCC 763-1, Fig. 1C) and undetectable levels (TCC 
709-1 and TCC 711-1 Fig. ID-E) of A-FABP are shown in 
Fig. ) (only the ielevanl area of the gels are shown). 

A-FABP mRN A levels in non- invasive grade //, To TCCs. 
Since in many instances only a limited amount of fresh lumor 
was available, we used RT PCR to determine the levels of A- 
FABP mRN A in the ten TCCs analysed by 2D PACE (Fig. I). 
Following amplification, the PCR products were analysed by 
conventional 1.57c agarose gel electrophoresis and visualised 
by ethidium bromide staining as shown in Fig. 2. The amount 
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Figure 2 RT-PCR analysis of A-FABP mRNA expression in non-invasive 
iCrlL Ta) and invasive TCCs (Gr UK VU For RT-PCR analysis, the ss e- 
DNA was synthesized by Reveise Transcriptase using total RNA, and used 
for RT-PCR amplification. The PCR products were resolved on 1:5* 
agaxose gels and visualised under UV light following ethidium bromide 
staining. The A-FABP panels show the results of amplifications where the 
pair of gene specific primers was used to generate the 220 bp . DR* 
fragment. Amplification' of A-FABP was obtained after 30 cycles of POL 
The B-actin panels represent the amplification of the B-actin gene, wtocb 
was used as an internal control to confirm that equal amounts of c-DNA woe 
used in each reaction. ' • 



of cDNA in each lane was normalised using several house- 
keeping *enes so as to achieve a more accurate assessment of 
the expression of the A-FABP mRNA. As shown in Fi*. 2. 
TCC 532- 1 exhibited the highest amount of A-FABP mRNA, 
followed by TCCs 692-1, 763-1. 616-1, 581-1, 154-1. 166-5 
and 533-1 Undetectable levels of A-FABP mRNA were 
observed in the case of TCCs 607-1 and 709-1 (F.g. 2). 
Relative mRNA levels for the ten TCCs are given in Table 1. 

A-FABP protein and mRNA levels in invasive grade 111. T„ 
TCCs. Of the invasive TCCs (grade 111. TYa) analysed by 2D 
PAGE only six yielded reasonable protein profiles for further 
study As shown in Table 1. none of these lesions expressed 
detectable levels of A-FABP as determined by Coomassie 
Brilliant Blue staining (F.g. IE, TCC 711- D- 1" line w.th these 
results. Ihe RT-PCR analysis of these tumors also^vealed 
undetectable level of A-FABP mRNA (Fig. 2. Gr 111 !»->... 

. Table 1). 

Loss of A-FABP protein is not compensated by an increase in 
PA-FABP. Recent studies of A-FABP knockout m.ce have 
shown that the loss of A.FABP in fat tissue is com ^" 5a, ^ d 
by an increase in the skin fatty acid-binding prote.n maJMJOJ. 
Our studies, however, indicated that the human homologuc 
of mall. PA-FABP (19). did not compensate for the. loss o 
•VFABP either in the non-.nvas.ve or the .nvas.ve tumors 
analysed ,n this study (Fig. ID and E). In add.t.on. F.g. 
shows 2D gels of |'>S.]- methionine labeled pro.e.ns from two 
..ade II. Ta TCCs ( 192-4. TV, F.g. 3A and 192-4. T,; F.g. 3B). 
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retire 3. Levels of A-FABP and PA- FAB P protein in grade II; Ta lumdrs 
resected from the same patient. The two upper panels show the 2D gel 
autoradiognims of |"S}-methionme labeled proteins from TCCs (grade 11, 
Ta) resected from the same patient. A, TCC 192-9 tumor 4 and B„- TCC 
192-9 tumor 1. Only the relevant area of the autoradiograins are shown. The 
low panel shows the RT-PCR analysis of A-FABP mRNA expression in the 
same tumors (see also legend to Fig. 2). • 



which differ significantly in iheir levels of A-FABP protein 
and mRNA (Fig. 3, low panel). As shown in Fig. 3, the 
decrease in A-FABP observed in TCC 129-4, T, is no! 
accompanied by an increase in the PA-FABPprolein (Fig. IE). 

Discussion 

Of the TCC progression markets identified to date, A-FABP 
is perhaps one of the most interesting as its presence correlates 
both with the grade of atypia (p=0.0006) and the stage of the 
disease (p=0.0269) (3). A-FABP is a low molecular weight 
protein belonging to a cylosolic multigene family of lipid- 
binding proteins that include heart, liver, intestinal, muscle, 
brain, skin and epithelial isoforms (20). Members of the 
FABP family are highly expressed in differentiated cells and 
show narrow tissue distribution. Their precise function is at 
present unknown, although there is evidence suggesting (hat 
Ihey may play roles in intracellular lipid transport and 
metabolism, signal transduction (21,22) as well as growth 
control and differentiation (23). The role in signal transduction 
has been inferred from the fact that long- chain fatty acids and 
their metabolites can act as primary and second messengers 
in specific signalling pathways (24). Recently, it has been 
shown that A-FABP may play a central role in the pathway 
that links obesity with insulin resistance, most likely by 
connecting the fatly acid metabolism wuh the expression of 
TNF-a (18). Furthermore, there is evidence indicating that 
the A-FABP gene contains sequence information necessary 
tor differentiation-dependent expression m adipocytes (25). 
Our own data derived from the study of TCCs and normal 
uroihelium suggest that A-FABP may be required for normal 
uroihelium differentiation (I), as may be the case lot PA- 
FABP in the skin ( 19). 



Considering the poteniial prognostic value of A FABP 
protein and/or mRNA in TCC progression it was important to 1 
determine if the levels of both type'6f:'Aajc'roinot^.cules 
correlated both in 'the non-invasive and the invasive lesions 
expressing and lacking A-FABP. The need for such correlation 
was underlined by recent studies of Anderson arid Seilhamer 
(15), who reported a lack of overaJI correlation between the 
mRNA and protein levels of. 45 rat proteins analysed by 2D 
PACE in combination with cDNA arrays. Their data yielded a 
correlation coefficient of 0.45 which is half way between weak 
and perfect correlation. Dearly, our data showed a very* good 
correlation between the protein and mRNA levels of A-FABP 
in all tumors analysed indicating that the loss of A-FABP 
protein observed in some tumors is not due to posl- 
transcriptional regulation. 

Recently, knockout mice carrying a null ' mutation in the 
aP2 gene encoding for A-FABP was produced (18). These 
animals do not show an obvious morphological or metabolic 
phenotype, but exhibit a 20-fold increase in the levels of the 
keratmocyte type FABP (ma/7), which may compensate for 
the loss of the deleted gene (18). The human homologue of 
the mall gene, PA-FABP, was cloned in our laboratory and 
has been shown to be highly upregulated in psoriatic skin as 
well as in abnormally differentiated primary keratinocytes 
(19). PA-FABP is expressed in normal uroihelium together 
with A-FABP (3), and ongoing studies in the laboratory have 
shown that its level decreases significantly as tumors progress, 
interestingly, the studies reported in this article did not revealed 
a compensatory up- or down- regulation of PA-FABP in the 
TCCs analysed, supporting the contention that PA-FABP may 
also play a role in cell growth and differentiation ( 1 9). . 
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[The pathogenic role of macrophage migration inhibitory factor in acute 
respiratory distress syndrome] 

[Article in Chinese] 

Guo'Y. XicC 

gIX 1 tiSStSZ M6d,Cine ' FfetAffi,iated H <>^ ofZhong.han University, 

OBJECrryE To investigate the expression and pathogenic role of macrophage migration 

SSJSSi^ MIF) ^ hUman ' aCUtC rCSpirat0r y distress syndrome(ARDS) 
METHODS The serum level of MIF in ARDS patients and normal persons were 

measured by ELISA method. Peripheral blood mononuclear cell (PBMC) MIF expression 
was determined by flow- cytometry. The expression of MIF mRNA and protein in the 
lung tissues were detected by using double immuno histochemistry labeling and in situ 
hybndizaUon. RESULTS The serum level of MIF increased significantly in ARDS 
patients as compared with normal persons (P < 0.0T). The percentage of PBMC MIF 
expression was higher in ARDS patients than in normal controls (P < 0 0 1 ) In situ 
hybridization and lmmunohistochemistry showed undetectable or weak MIF mRNA and 
proton expression in normal lungs. In contrast, there was marked upregulat,on of MIF 
mRNA and protein expression in (he ARDS lungs. In ARDS macro phages infiltrated the 
alveolar space and interstitium, most of which also expressed MIF £filLin R 
macrophages were almost restricted to the areas of severe tissue damage The MIF 

CmCWVO^™ 1 3 Str ° n e c °^ lation with *° number of infiltrating macrophages. 
CONCLUSIONS The serum level of MIF and PBMC MIF expression increased in 
ARDS patients with enhanced pulmonary MIF expression and macrophage infiltration 
which suggests that MIF plays a pivotal role in the pathogenesis of ARDS. 

PMID: 12126556 [PubMed - indexed for MEDLINE] 
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Restored expression and activity of organic ion transporters rOATl 
rOAT3 .iikI rOCT2 after hyperuricemia in the rat kidney. 

Hab«LY, Yano 1 , Okuda M . Fukatsu A . ran. K . 

Department of Pharmacy, Kyoto University Hospital, Faculty of Medicine, Kyoto 
University, Sakyo-ku, Kyoto 606-8507, Japan. 

We previously reported that in hyperuricemy rats, renal impairment occurred and organic 

of raT Z deCrCaSed ' * specific decrease in the exprifoT 

of ^organjeatuon tramporters, rOATI and rOAT3, and organic cation transporter, 

Zi^t^ P r 7 ' Wfc the reversibility of the organic ion transport 

actmty and express^ of organic ion transporter (slc22a) during recovery from 

uZ^^T • Hy P erur ' cemia was ^^ced by ^administration of a chow containing 
unc aad and oxonic acid, an inhibitor of uric acid metabolism. Four days after 
d.scontmuance of thechow, the plasma uric acid concentration returned to the normal 

2 ^ ,i ° n ! SUCh 33 creatilune ^e^rance arid BUN levels were restored 

although the recovery of tubulointerstitial.injury was varied in sites of the kidney ' 
Basolatend uptake of p-aminohip P urate (PAH) and tetraethylammonium (TEA) and both 
protem and mRNA levels of rOATl , rOAT3 and rOCT2 in me kidney graduaHy 
Zw^h T 6 H dayS ° f reC0VCty fr ° m ^rieemia. Basoiaterall PAH transport 
M>^i*- u Mn ? lat,on with the P rote in »evel of rOATl (r(2)=0.80) than rOAT3 
wI^m^tT^?™ 1 TEA taaap0tt Sh ° Wed 8 ^rrelation with rOCT2 
SSSSnS^ P ^ l f °,f rone COnCCn,ration - w, » dl is * dominant factor in 

hnt n^™- 7 f f?' W3 t eradUa " y reSt0red durin S the recovef y fr<"" hyperuricemia, 
bu the correlate between the plasma testosterone level and rOCT2 protein expression 
m the kjdney was not significant. These results suggest that the regulation of 7gZ Ton 
^sporter, rOATl, rOATl and rOCT2, by hyperuricemia is reversible, and Sglc 
.on transport act,v,ty restores according to the expression levels of these transporterr 

PMTD: 15748710 [PiibMed - indexed for MEDLINE] 
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Regulation of cytochrome P4501AI ia teleosts: sustained induction of 
CYP1A1 nvRNA, protein, and catalytic activity by 2,3,7,8- 
tctrachlorodibenzofuran in the marine fish Stenotomus chrysops. 

Hahn ME , Stegeman JJ . 

Biology Department, Woods Hole Oceanographic Institution, Massachusetts 02543. 

Cytochrome P4501 Al (CYPI Al) is known to play important roles in die activation and 
detoxification of carcinogens and other toxicants in vertebrate animals, including fish. 
Although extensively studied in mammalian systems, the regulation of CYPI A forms in 
other vertebrates is less well understood. We examined the time course and dose- 
response relationships for induction of C YP 1 Al mRNA, protein, and catalytic activity by 
2,3 J,8-terrachlorodiben2pfuran (TCDF) in the marine fish Stenotomus chrysops (scup). 
The time course of CYPI Al induction was determined following a single ip dose (10 
rwiol/kg) of 2,3,7,8-TCDF. Hepatic ethoxyresorufin Odeethylase activity was increased 
after I day, reached a maximum by 8 days, and was still elevated 14 days after treatment. 
The content of irnmunodetectable CYP I Al protein in liver was elevated on Day 1 and 
continued to increase through 14 days. CYPI Al protein content was also strongly 
induced in heart and gill beginning at 2 days after treatment and extending through Day 
14. Hepatic CYP 1 Al mRN A was strongly induced by I day after dosing and remained 
elevated through 14 days. The sustained induction of CYPI At mRNA by 2,3,7,8-TCDF 
contrasts with the transient induction seen previously in fish treated with nonhalogenated 
inducers and most likely reflects differences in persistence of the inducers. Dose-resporise 
studies indicated that induction of CYP 1 Al mRNA, protein, and catalytic activity 
occurred following doses of 2,3,7,8-TCDF as low as 0.4 nmol/kg (120 ng/kg), within the 
range of whole-body contents of this congener measured in fish from contaminated 
environments. The estimated dose producing half-maximal CYPI Al induction in scup 
was approximately 2-10 nmol/kg, suggesting that the sensitivity of these fish to induction 
may be as great as or greater than that of rats. In contrast to previous results obtained with 
3,3 t ,4,4 , -tetrachlorobiphenyl (TCB) and beta-naphthoflavone, which appear to inhibit or 
inactivate CYPI Al iri fish and other vertebrates, there was a good correlation among 
levels of CYP1A1 mRNA, protein, and catalytic activity in individual fish following 
various doses of 2,3,7,8-TCDF- The difference in response to 2,3,7,8-TCDF versus 
3,3 , ,4,4'-TCB may reflect differences in the inducing potencies of the two. compounds 
relative to their similar potencies as inhibitors of CYP 1 Al catalytic activity. In additional 
studies to evaluate structure-activityrelationships for CYPI Al induction by chlorinated 
dibenzofurahs in fish, scup were treated with 2,3,6 > 8-tetrachlbrodiben2ofuran (2,3,6,8- 
TCDF). At 10 or 50 nmol/kg, 2,3,6,8-TCDF was inactive as an inducer of CYPI Al 
mRNA, protein, or catalytic activity.(ABSTRACT TRUNCATED AT 400 WORDS) 

PMID: 8048062 [PubMed - indexed for MEDLINE] 
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Expression of the pS2 gene in breast tissues assessed by p32-mRNA 
analysis and pS2-protein radioimmunoassay, 

Hahnel E, Robbins P. Harvey J, Sterrett G, Hahnel R . 

Department of Pathology, University of Western Australia, Queen Elizabeth II Medical 
Centre, Nedlands. 

The expression of the pS2 gene in breast tissues was assessed by measuring pS2-protein 
using a radioimmunoassay, and by determining pS2-mRNA using Northern blotting. 
There was a good correlation between the two measurements, indicating that expression 
of the pS2 gene in breast tissues may be assessed by either method. Since 
radioimmunoassay is technically easier and more efficient than Northern blotting, 
radioimmunoassay will be the method of choice in routine applications. 



PMID: 1463873. [PubMed indexed for MEDLINE] 
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Expression of the pS2 gene in breast tissues assessed by pS2-mRNA analysis 
and pS2-protein radioimmunoassay 



Eriica HShnef, Peter Robbins, Jennet Harvey, Gregory Sterrett and Roland Habnel 

Department of Pathology, University of Western Australia, Queen Elizabeth Jl Medical Centre, Nedlands, 

60O9 > Western Australia 



Key words: breast tissue, pS2-mRNA, pS2 protein, radioimmunoassay 

Summary . . 

The expression of Ae pS2 gene in breast tissues was assessed by measuring pS2 -protein us ing a radioimmu- 
noassay, and by determining pS2-mRNA using Northern blotting. There was a good correlation between the 
two measurements, indicating that expression of the pS2 gene in breast tissues rriay be assessed by either 
method. Since radioimmunoassay is technically easier and more efficient than Northern blotting, radioim- 
munoassay will be the method of choice in routine applications. 



Introduction 

Expression of the pS2 gene is controlled by estro- 
gen. This was first described in the MCF-7 breast 
cancer eel] line [1]. pS2 expression has since been 
reported to be useful as a prognostic indicator f2, 
3], although this was not confirmed in another se- 
ries [4], 

pS2 expression may be assessed in tissue ho- 
mogenates by analysis of pS2-mRNA [5], by ra- 
dioimmunoassay of the pS2-prolein [2], or by in> 
munpcytocbemical detection of the pS2 protein in 
tissue sections f5), Jt was the aim of this study to 
establish the correlation between pS2-mRN A and 
pS2-protein by radioimmunoassay in a series of 
tissues obtained from mastectomy specimens per- 
formed for carcinoma of the breast. Primary breast 
carcinoma tissue, metastatic carcinoma within ax- 
illary nodes, and macroscopcally benign breast 
ussue were examined. 



Materials and methods 



Breast tissues 



Tissue specimens from mastectomies performed 
for carcinoma of the breast were examined. 32 pri- 
mary breast carcinomas, 10 axillary lymph nodes 
containing metastatic breast carcinoma, and 20 
samples of uninvolved breast tissue were analyzed 
forpS2 expression. 

The primary breast carcinomas were histolog- 
ically classified using a conventional subclassifi- 
cation. The presence or absence of primary tumour 
was assessed. The presence of metastatic carcino- 
ma within lymph nodes studied was verified by 
histological examination of the node remnant after 
sampling. 

'Uninvolved' breast tissue was sampled from 
sites welJ removed from the primary breast tumour 
(usually in another quadrant of the breast), and was 
selected only if the tissue appeared macroscppical- 
ly unremarkable'. Tissue sampling occurred inime- 
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diately upon arrival of the mastectomy specimen in 
the laboratory, with minimal delays between re- 
jnoval and sampling. 

. Tissues for j>S2 analysis were snap frozen in liq- 
uid nitrogen and stored at ~70°C until processed. 

Extraction of UNA and determination of 
pS2-mRNA 

Details of the procedure have been described in our 
previous paper [6}. -Briefly, the deep-frozen tissue 
was homogenized in a iracrq-dismembrator. The 
homogeneous powder, was extracted with guani- 
diniumisothiocyanatephenolchloroformiso- 
amylalcobol, and RNA was precipitated with iso- 
propanol. Thewashed RNA pellet was dissolvedin 
SDS and glyoxyjated, and the RNA preparation 
loaded onto agarose gel. After electrophoresis the 
gel was capillary blotted onto Zeta-probe mem- 
branes. Membranes were hybridized overnight 
^^with cDNA.probes pS2 and 36B4, which were Ja- 
^■beled with [a^PJ dCTP by nick translations. 
3^ Washed membranes were exposed to Kodak X- 
omat AR film. Relative intensities of the mRNA 
bands were assessed visually as not detectable, ve- 
ry weakv weak, medium, strong, and very strong, 

taking the intensities of the ubiquitous 36B4 bands 
into account. 



Radioimmunoassay of pS2-protein 

Deep frozen specimens were pulverized with a mi- 
crodismembrator. The tissue powder was suspend- 
ed in 10 volumes of pH 7.5 phosphate buffer. The 
homogenate was centrifugedin a refrigerated cen- 
: trifuge at 4°C for 60 minutes at 2600xg. The su- 
pernatant was removed with a Pasteur pipette; 
carefully avoiding the fat layer on the top. The pro- 
tein concentration in the supernatant was estimated 
by use of the Coomassie dye-binding method [7]. 
An aliquot of the supernatant was diluted to a pro- 
tein concentration between 1 and 2mg/ml before 
assay of the pS2- protein. In one case the protein 
concentration of the supernatant was well below 
1 me/ml. 



The estimation of the pS2-protein was perform- 
ed using a solid phase, two-site radioimmunoas- 
say. The kits were bought from CIS Biointema- 
tional, Gif-sur-Yvette, France (ELSA-PS2). to this 
method the molecules of pS2 are sandwiched be- 
tween two monoclonal antibodies; the first one is 
coated on the EJLSA solid phase, the second one is 
radiolabeled with J25-iodine. The radioactivity 
bound to the ELS A is proportional to the concen- 
tration of pS2-protein. Details of the procedure are 
supplied with the kit {8}. * 

Results and discussion 

32 primary , breast carcinomas, metastatic breast 
carcinoma in 10 lymph nodes, and 20 samples of 
benign breast tissue from mastectomies were in- 
vestigated. Two of the carcinomas were of the infil- 
trating lobular type, two were ductal carcinomas in 
situ, one was a multicentric invasive ductal carci- 
noma, all others were invasive ductal carcinomas. . 

Examples of pS2 Northern blots have been 
shown in our previous, paper [6] which demon- 
strate that undegraded pS2.mRNA can be isolated 
by the method used. 

The results of the pS2-protein and pS2-mRNA 
assays are shown on Fig. I. There was a good corre- 
lation betweepahe two types of results. When pS2- 
mRNA could not be detected by Northern blot, 
pS2-protein results were usually below ] ng/mg 
protein (22 of 30) f or between I and 3.7ng/mg (6 of 
30). Two were exceptions (7.7 and 14.6); one of 
them could have been due to the very low protein 
content in the cytosol which would lead to a large 
pS2 value and an associated error. There was no 
explanation for the other high result. Very weak 
pS2-mRNA signals on Northern blots correspond- 
ed to pS2-protein vaJues between LI and 19.2 with 
an average of 6. 6 ng/mg protein (median 5.7); The 
mean arid median pS2-protein concentration in the 
tissue with weak pS2-mRNA signals were 14:3 and 
J 0.7 ng/mg protein., respectively. The average pS2- 
protein concentration increased to 32.7 (median 
31.5) ng/mg protein for tissues assessed as medium 
pS2-mRNA intensity, and to 43.3 (median 53.8) 
ng/mg protein for tissues with strong or very strong 
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pS2-roRNA signals. These values should be used 
as an approximate guide only, since the number of 
samples in the various groups was fairly smalk 
One-way analysis of variance confirmed that the 
means, of the pS2-protein values in the groups 
made up according to their pS2-mRNA signal in- 
tensity, were significantly different (p <10^). 

If the pS2 gene is expressed, its expression is on 
average greater in breast carcinomas than in unin- 
volved breast tissue. If one takes pS2-protein val- 
ues above 4ng/mg protein as cut-off, the average 
pS2-protein iii J4 breast cancers was 343 (median 
(35.2), while it was only 18.1 (median 13.8) in 12 
uninvolved breast tissue samples.. If the cut off is 
taken at l(jng/mg protein, average pS2~protein.in 
breast carcinoma is also about twice the level of 
uninvolved tissue. There were not enough lymph 
node metastases which expressed the pS2 gene to 
allow a comparison with carcinoma or uninvolved 
breast tissue. . 

Recent preliminary results of pS2 by radioim- 
munoassay [9] are similar to ours for breast cancer 
but considerably lower than our results for normal 
breast tissue. 

The values of the pS2-prolein measured obvi- 
ously depend on the protein used for calibration. 
We used the pS2-protein standards supplied with 
the CIS kit, which according to the supplier gave 
values from 0 to lAOngfmg protein in a series of 
205 breast cancer cytosols. Previously, a different 
standard had been used for presumably the same 
series of breast carcinomas [2], and a conversion 
factor to current standards is given as 2.8 [8]. 

It was noticed that the correlation between pS2- 
protein and pS2-mRNA was better in breast carci- 
noma specimens than in uninvolved breast tissue. 
This is unexplained, though it could be due to the * 
variable content of cell or (issue types in adjoining 
pans of a specimen, a variation more likely to oc- 
cur in our sampling of nori- malignant breast tissue 
compared to sampling of carcinomas. A similar 
variability in breast carcinoma specimens will 
probably have a smaller influence on the pS2 re- 
sults, since the malignant cells - if they do express 
the pS2 gene - contain more pS2-protein than nor- 
mal breast. 



CORRELATION OF dS2 - mRNA 
AND pS2- PROTEIN 
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Fig. A Correlation between pS2^protcra by radioimmunoassay and 
pS2-mRNA by Northern blot. <♦) = 22 results below KThc horizontal 
lines indicate the mean values. 
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The role of the epidermal growth factor receptor in sustaining aeutrophil 
inflammation in severe asthma. 

Hamilton LM . Torres-Lozaao C, Puddicombc SM, Ricliter A, Kiraber I . Dcarman 
RJ, Vrugt B , Aalbers R , Holgate ST , Djukanovic R , Wilson SJ, Da vies DE . 

Division of Infection, Inflammation & Repair, School of Medicine, University of 
Southampton, UK. 

BACKGROUND: The extent of epithelial injury in asthma is reflected by expression of 
the epidermal growth factor receptor (EGFR), which is increased in proportion to disease 
severity and is corticosteroid refractory. Although the EGFR is involved in epidielial 
growth and differentiation, it is unknown whether it also contributes to the inflammatory 
response in asthma. OBJECTIVES: Because severe asthma is characterized by 
neutrophilic inflammation; we investigated the relationship between EGFR activation and 
production of IL-8 and macrophage inhibitory protein-* I alpha (MUM alpha) using in 
vitro culture models and examined the association between epithelial expression of IL-8 
and EGFR in bronchial biopsies from asthmatic subjects. METHODS; H292 or primary 
bronchial epithelial cells were exposed to EGF or H202 to achieve ligand-dependent and 
ligand-independent EGFR activation; IL-8 mRNA was measured by real-time PCR and 
IL-8 and MIP-1 alpha protein measured by erizyme-Iinked immunosorbent assay 
(ELISA). Epithelial TL-S and EGFR expression in bronchial biopsies from asthmatic 
subjects was examined by immunohistochemistry and quantified by image analysis. 
RESULTS: Using H292 cells, EGF and H202 increased IL-8 gene expression and 
release and this was completely suppressed by the EGFR-selective tyrosine kinase 
inhibitor, AG1478, but only partially by dexamethasone. MIP-1 alpha release was not 
stimulated by EGF, whereas H202 caused a 18-fold increase and this was insensitive to 
AGl 478. EGF also significantly stimulated IL-8 release from asthmatic or normal 
primary epithelial cell cultures established from bronchial brushings. In bronchial 
biopsies, epithelial IL-8, MIP-1 alpha, EGFR and submucosal neutrophils were all 
significantly increased in severe compared to mild disease and there was a strong 
■ correlation between EGFR and IL-8 expression (r = 0.70, P < 0.001). CONCLUSIONS: 
These results suggest that in severe asthma, epithelial damage has the potential to 
contribute to neutrophilic inflammation through enhanced production of IL-8 via EGFR- 
dependent mechanisms. 

PMID: 12580917 [PubMed - indexed for MEDLINE] 
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Human hepatic microsomal epoxide hydrolase: comparative analysis of 
polymorphic expression. 

Hassett C , Lin J, Cartv CL , Laurenzana FM . Oiruecinski CJ . 

De^artment of Environmental Health, University of Washington, Seattle 98105-6099, 

Intermdividual variation in the expression of human microsomal epoxide hydrolase 
(mEH) may be an important risk factor for chemically induced toxicities, including 
cancer and teratogenesis. In this study, phenotypic variability and mEH genetic 
polymorphisms were examined in a bank of 40 transplant-quality human liver samples 

S^SZSSfi^ r dn ""T ' - W-cfi^U Polymorph arSno 
acids, as well as mEH RNA levels were evaluated in parallel. Enzymatic activity was 

STlTI W- Wo NP^-4.5-epoxide at 2 substrate Sensations! The 
relative Mrolyang activities obtained using saturating substrate levels were highly 
correlated (r - 0.85> with results derived from limiting substrate oonoentnfioi-Sd 
exhibit approximately an 8-fold range in activity levels across the panel of 40 liver 

^Y?* S 8Ctivity ^ demonstrat ^ strong correlation (r > or = 0.74) with 

an 8.4-fbld variation determined for mEH protein content within the same samples 

PM e ^ M ^ Pr0t ? i . n/aCtivity measure ™ents were poorly correlated (r < or = 0 23) with 
mEH RNA levels which exhibited a 49,fold variation. Two common polymorphic ■ iSo 

SfJ^JSh Pr ° te l n ^ 6XdUSi VCly &CCOm for Variation e ^7c 

ac ivity, although this conclusion is confounded by heterozygosity in the samples These 

data demonstrate the extent of hepatic mEH functional variability fa wSSSi 
human tissues and suggest that polymorphism of mEH protein expression is regulated in 
ottS^r ^ wmch may inclnd.^ 

PMTD: 9016823 [PubMed - indexed for MEDLINE] 



Vol, 7 5-22. January 2001 



Clinical Cancer Research 



Review 



Early Detection of Lung Cancer: Clinical Perspectives of Recent 
Advances in Biology and Radiology 1 



Fred R. Hirsch, 2 Wilbur A. Franklin, 
Adi F. Gazdar, and Paul A. Bunn, Jr. 

Lung Cancer Program and Departments of Medicine and Pathology. 
University of Colorado Cancer Center, Denver, Colorado 80262 . 
[F. R.H., W. A. F., P. A. B.J; Department of Pathology, University of 
Texas, Southwestern Medical Center, Dallas, Texas [A. F. G-); and 
Department of Oncology, Finsen Center, National University 
Hospital, Copenhagen, Denmark [F. R. H.J 



Abstract 

Lung cancer is the most common cause of cancer death 
in developed countries. The prognosis is poor, with less than 
15% of patients surviving 5 years after diagnosis. The poor 
prognosis is attributable to lack of efficient diagnostic meth- 
ods for early detection and lack of successful treatment for 
metastatic disease. Most patients (>75%) present with stage 
1)1 or IV disease ant) are rarely curable with current ther- 
apies. Within the last decade, rapid advances in molecular 
biology, pathology, bronchology, and radiology have, pro- 
vided a rational basis for improving outcome. These ad- 
vancements have led to a better documentation of morpho- 
logical changes in Ihe bronchial epithelium before development 
of clinical evidenl invasive carcinomas. This has changed our 
concept of lung carcinogenesis and emphasized the mullistep 
carcinogenesis approach on several levels. Combined with 
the technical developments in bronchoscope techniques, 
e.g., laser-induced fluorescence endoscope (LIFE) bronchos- 
copy, we now have improved methods lo localize preinvasive 
and early-invasive bronchial lesions. With the LIFE bron- 
choscope, a new morphological entity (angiogenic squamous 
dysplasia) has been recognized, which might be an impor- 
tant biomarlter and target for antiangiogenic cheroopreven- 
live agents. To reduce Ihe mortality of lung cancer, these 
new technologies have been taken into the clinic in different 
scientific settings. The use of low-dose spiral computed to- 
mography in Ihe screening of a high-risk population has 
demonstrated the possibility of diagnosing small peripheral 
tumors thai are not seen on conventional X-ray. A sbill in 
the therapeutic paradigm from targeting advanced clinically 
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manifest lung canter toward asymptomatic preinvasive and 
early-invasive cancer is occurring. The present article re- 
views the recent advances in the diagnosis of preinvasive and 
early-invasive cancer to identify biomarkers for early detec- 
tion of lung cancer and for chemoprevention studies. 

Introduction 

Lung cancer is the most common cause of cancer deaths in 
the countries of North America and other developed countries, 
accounting for 29% of all cancer deaths and more deaths than 
from prostate, breast, and colorectal cancer combined in the 
United States (I). Lung cancer. will be diagnosed in ~ 170,000 
new patients in the United Stales in the year 2000, and < 15% of 
• them will survive 5 years after diagnosis (1). The prognosis for 
the patients with iung cancer is strongly correlated to the stage 
of the disease at the time of diagnosis. Whereas patients with 
clinical stage I A disease have a 5-year survival of about 60%, 
the clinical stage 11-IV disease 5-year survival rate ranges from 
40% to less than 5% (2). Over rwor thirds of the patients have 
regional lymph- node involvement or distant disease at the lime 
of presentation (3). The poor prognosis is largely attributable to 
the Jack of effective early detection methods and the inability to 
cure metastatic disease. The unsatisfactory cure rates supports 
efforts aimed at eaily identification and intervention in lung 
cancer. 

Historically, the only diagnostic tests available for the 
detection of lung cancer in its early stages were chest radiogra- 
phy and sputum cytology. The efficacy of these tests as mass 
screening tools was evaluated in controlled trials sponsored by 
the NCI 3 and conducted at Johns Hopkins University,. Memorial 
Sloan- Kettering Cancer Center, and the Mayo Clinic during the 
1970s (4-6). The principal goal of these studies was to deter- 
mine whether a reduction in lung cancer mortality could be 
achieved by adding sputum cytology testing to annual screening 
by chest radiography. Results from these trials showed that both 
lesis could detect presymptornatic, e3ily-siage carcinoma, par- . 
ticularly of squamous cell type. Kesectabiliry and survival rates 
were found to be generally higher in the study groups than in the 
control gioups. However, improvements in rcsectability and 
survival did not lead lo a reduction in overall lung cancer 
mortality, the must critical end point. A subsequent study of 
6346 Czechoslovakia!! male .smokers also found no i eduction in 
limy cancer moiialiiy after dual screening by chest radiography 
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and sputum cytoJogy (7). The negative results from these 
screening studies lead the NCI and other health policy and 
jesearch groups to conclude that mass screening programs in- 
volving periodic spulum cytdlogical evaluation and chest radio- 
graphs could not be justified. However, controversies in the 
methodology and interpretation of the data from these studies 
have later been extensively discussed (8, 9). One additional 
study of annual chest X-ray screening is currently being con- 
ducted by the NCI; The Prostate-, Lung-, Colorectal-, and Ovar- 
ian (PLCO) screening trial. This trial includes individuals 55-74 
years old, bul they are not selected for this trial on the basis of 
high risk for lung cancer {e.g., smoking history with > 20 
pack-years). 

The failure of clinical trials to demonstrate the efficacy of 
sputum cytology and chest radiography as mass screening tools 
has resulted in a search for better diagnostic approaches for 
early lung cancer detection that take advantage of recent devel- 
opments in molecular biology, gene technology, and radiology 
(10). Furthermore, as has been the case for mammography 
screening for breast cancer, it has also been important to identify 
risk groups for rung cancer. 

Although, much is known about predisposing factors, nat- 
ural history, and the outcome based on histology and stage, our 
understanding remains very incomplete in many areas. What are . 
the early premalignant changes mojecularly, biochemically, and 
morphologically? Which changes are reversible and which are 
not? What research tools are available to provide answers to 
these questions? The identification of preinvasive lesions allows 
for developing promising methods for early intervention (II). 
The therapeutic paradigm and focus are today shifting from 

, targeting only clinically verified lung cancer as previously to- 
ward targeting , the premalignant" and early- malignant lesions. 
Furthermore, the prospect of lung cancer screening has today 
become more meaningful as a consequence of recent develop- 
ments in biology and radiology and better possibilities to define 
high-risk populations most suitable for tune cancer screening 

(12). 

The present article will focus on the clinical perspectives of 
om biological knowledge of premalignant and early- malignant 
lesions and the potential of the recent technological advance- 
ment for early diagnosis of lung cancer. 

Pathology of Preinvasive and Early Invasive 
Bronchial Lesions 

Most of the efforts to classify lung cancer have been 
directed toward invasive carcinoma (13). However, better un- 
■ derstanding of the pathogenesis of Jung cancer aroused renewed 
interest in morphological abnormalities that fall shoii of inva- 
sive carcinoma but may indicate initiation of carcinogenesis, 
fhese morphological abnormalities are refened to as preinva- 
sive lesions and are shown in Fig. I. The last, edition of (he 
WHO classification of lung tumors included the classification of 
preinvasive lesions as a separate section. Numerous recent stud- 
ies have indicated that lung cancci is not the result of a sudden 
transforming event m the bionchial epithelium but a multistcp 
process in which gradually accruing sequential genetic and 
cellular 'changes result in .the formation of an invasive (:,e.. 
malignant) tumor Mucosal changes in the large airways that 



may precede or accompany invasive squamous carcinoma in- 
clude hyperplasia, metaplasia, dysplasia, and CIS (14); Hyper- 
plasia of the bronchial epithelium and squamous metaplasia 
have generally been considered reversible, and not premalignant 
. . in the sense of squamous dysplasia and CIS (15). 

Squamous metaplasia is a common finding, especially as a 
response to cigarette smoking. Peters et al (16) studied bron- 
cboscopic biopsies from six sites in 106 heavy cigarette smok- 
ers; Squamous metaplasia was noted at one or more biopsy sites 
in approximately two- thirds of the group, and one- fourth 
showed squamous metaplasia in three or more biopsy sites. The 
incidence of squamous metaplasia increased with smoking his- 
tory and was highest in individuals who had smoked more than 
two packs of cigarettes a day. Auef bach et al. ( 1 7) noted similar 
findings in autopsy tissues: basal cell hyperplasia and squamous 
metaplasia are increased in smokers in proportion to smoking 
history. Hyperplasia and metaplasia are believed to be reactive 
changes in the bronchial epithelium, as opposed to true preneo-i 
plastic changes (17, 18). The reasons for this include: (a) they 
are frequently found in association with chronic inflammation, 
and may be induced by mechanical trauma; (b) they spontane- 
ously regress after smoking cessation; (c) in chronic smokers, 
the molecular changes present in these lesions are similar to 
those present in histologically normal epithelium; and (</) there 
are no reports linking their presence to increased risk for devel- 
oping lung cancer. In contrast, moderate- to-severe dysplasia and 
CIS lesions seldom regress after smoking cessation (19). 

Dysplasia and CIS are changes that frequently precede 
squamous cell carcinoma of the lung. Saccomanno ei ai (20) 
studied more than 50,000 samples from 6,000 men. many of 
whom had worked in the uranium mining industry. Both smok- 
ing and uranium mining (radon exposure) were found to be 
associated with increased incidence of dysplasia, CIS, and in- 
vasive cancer. The studies of Saccomanno et al. established that 
increasing degrees of sputum arypia may be recognized an 
average of 4-5 years before the development of frank long 
carcinoma. 

Another question is: which grades of sputum arypia pro- 
gress to cancer? From the Johns Hopkins cohort of the NCI 
chest X ray/sputum screening trial, we know that among indi- 
viduals with moderate arypia on sputum screening. — 10% de- 
veloped known cancer up to 9 years later. Among individuals 
with severe arypia on the sputum screening. >40% developed 
known cancer during the same time period (2 J). Although there 
are data in the literature showing the relationship between 
sputum ntypia and subsequent invasive cancer, there is still very - 
little information about the histological progression in the bron- 
chial mucosa in the high risk populations. In a recent publica- 
tion, nine patients with CIS were followed with antofluor es- 
sence bronchoscopy a) regular intervals, and 5 <56%) had 
progression io invasive cancer despite endobronchial therapy 
(22). The number of invasive cancers might even have been 
higher if treatment had not been not given. Ongoini! studies of 
high-risk subjects [e.g., the Colorado sputum cohort study) 
including serial follow-up bronchoscopies will provide evidence 
related to the fiequency of development of invasive lung cancer 
as n relates rn smoking history, airflow obstruction, and sputum 
arypia 

Since the pievious WHO- classification was published in 
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fVg. / .4,. squamous metaplasia. The 
cells are widely dispersed, wilh a reg- 
ular maturation from (be basal region 
to the lop. There is keratinizalicn, and 
i he nuclei/cyjoplasmic ratio is low. B t 
moderate dysplasia with ASD. Hypei- 
cellulari.ry of the epithelium with in- 
complete maturation and micropapiJ- 
lary invasion of capillaries are seen'. 
The nuclei/cytoplasmic ratio is high. 
C, severe dysplasia. There is marked 
pleomoFphism of rhe cells iviib irregu- 
larity and prominent nucleoli. 
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1981, two nonsquamous lesions have been added lo the WHO 
classification of piemalignant lesions: atypical alveolar hyper- 
plasia and diffuse idiopathic neuroendocrine cell hyperplasia 
()3). Both of these lesions are diagnosed rarely. The former 
consists of lesions <5 mm in diameter and composed of a 
peripheral epithelial cell proliferation with minimal cytologies! 
atypia or stromal response and resembles bronchiolo alveolar 
carcinoma^ The lesion has been seen in lung specimens resected 
for rung cancer, but no prospective significance, of this lesion 
has been reported. However, this morphological lesion may play 
. a role for the pathogenesis of peripheral rung adenocarcinomas 
(23, 24). The resolution of spiral CT (currently about 3 mm) 
approaches the diameter of these lesions, and it is anticipated 
that atypical alveolar hyperplasia will be increasingly encoun- 
tered in subjects undergoing this procedure (25). Diffuse idio- 
pathic neuroendocrine cell hyperplasia : consists of a patchy 
increase in the number of well-differentiated neuroendocrine 
cells in the bronchioles. This process may. result in the formation 
of small carcinoid tumors, and for this reason it is considered 
"preinvasive." To date, small cell carcinomas have not been 
associated with this lesion (13). 

Recently, the use of fluorescence bronchoscopy (see be- 
low) has increased the recognition of dysplastic lesions in the 
large airways and a new morphological entity, ASD, was iden- 
tified (26). Dysplasia of bronchial epithelium in "roicropapillo- 
matosiV* and the possible link between angiogenesisand prein- : 
vasive bronchial epithelial dysplasia were recognized as early as 
1983 by Muller and Muller (27), who also described the ultra- 
structure of these Jesions. Jt has been suggested that this angio- 
genesis, which is recognized as capillary loops projecling into 
the dysplastic bronchial lining, is responsible for the reduced 
fluorescence seen in dysplastic lesions by LIFE bronchoscopes 
(Figs. 1 and 3; Rcf. 26). Funue prospective studies will show 
whether this morphological entity is correlated with a progres- 
sion to lung cancer so as to be a target for the use of aTTtiangio- 
genic agents for chemoprevention. 

)n general, there are several questions/problems relating to 
premaJignam lesions, which will be addressed in future studies: 
(o) The morphological criteria for premalignant and early- 
malignant changes, both on sputum cytology and in bronchial 
biopsies, have to be validated for intra- and interobserver repro- 
ducibility. 

(o) Uniform and reproducible morphological/cyiological 
criteria have to be published more extensively, and a rraininc set 
of slides should be available. By the use of Internet technology, 
this could be more easily facilitated (28). 

(c) The correlation of sputum atypia and histological 
• changes in the bronchi in high-risk population is not well 
defined. 

id) The natural course of preinvasive changes in the bron- 
chi from the high risk subjects needs to be clarified through 
longitudinal, prospective studies with icfercnce to histological 
changes in the bronchi. Ongoing longitudinal studies with flu- 
orescence bionchoscopy ami multiple biopsies with histology 
and other bioma/kers will define the ability of these markets to 
assess for risk. 

(e) What is the pathology .'biology of the smalL often pe- 
ripherally locaicd. tumors (3 mm id diameter), which .ire moir 



often diagnosed with newer radiological techniques (e.g. t low- 
dose spiral CT)? 

(/) Optimization of the tissue procurement and processing 
. techniques are important Distinction of reactive from neoplastic 
processes is usually straightforward, but diagnostic difficulties 
may arise in the case of (a) inadequate or poorly prepared 
histological material to evaluate and (b) the presence of cyto^ 
Jogical atypia in epithelium stimulated by inflammation, viral 
infection, radiation, or chemotherapy. 

ig) DNA array analyses of gene expression: will it be 
useful? How to collect proper mRNA? Can mRNA extracted 
from microdissected cells obtained at bronchoscopy be globally 
amplified and still remain representative of RNA present in sittt? 

Biology of Lung Carcinogenesis and Potential Early 
Detection Markers 

Lung cancer is the end-stage of multiple-step carcinogen- 
esis, in most cases driven by genetic and epigenetic damage 
caused by chronic exposure to tobacco carcinogens. The genetic, 
instability in human cancers appears to exist at two levels: at Ihe 
chromosomal level, including large scale losses and gains; and 
at the nucleotide level including single or several base changes 
(29). Lung cance'rs harbor many numerical chromosomal abnor- 
malities (aneupJoidy) and structural cytogenetic /'abnormalities 
including deletions and nonreciprocal translocations (30). At 
least three classes of cellular genes are involved: pTOto-onco- 
genes, TSGs, and DNA repair genes. Oncogenic activation often 
occurs via point mutations, gene amplification, or chromosomal 
rearrangement whereas TSGs are classically inactivated by the 
loss of one parental allele combined with a point or small 
mutation or aberrant methylation of a target TSG in the remain- 
ing allele. Additionally, dysregulated gene expression (either 
increased or decreased expression) can occur by other, as yet 
unknown, mechanisms (30). Present studies have not yet con- 
firmed a prominent role for abnormalities of DNA repair genes 
in lung cancer. 

Preneoplastic cells contain several molecular genetic ab- 
normalities identical lo some of the abnormalities found in overt 
lung cancer cells (Fig. 2). These include allele Joss at several 
loci [3p, 9p, 8p, and I7p), myc and ros up- regulation, eye J in Ol 
overexpression, p53 mutations, and increased immunoreactiv- 
ity, bcI-2 pverexptession and DNA aneupJoidy. (3 1-35). AJIclo- 
fyping of precisely microdissected, preneoplastic foci of cells 
suggests that the earliest changes in the bronchial epithelium is 
allele loss at chromosome regions 3p ; then 9p, 8p, I7p. 5q : and 
then ms mutations (36-39) The biological meaning, of LOH is 
only vaguely understood. Recent evidence suggests that LOH 
may be a consequence of mitotic recombination, that there is 
only infrequent physical loss of genetic loci,, and that LOH 
probably precedes chromosomal duplication (40). Allelic loss 
would thus be significant primarily in the presence of mutation 
in the retained allele, and gene dosage would not be expected to 
c:\eri a phenotypic effect in LOH. Some reports have indicated 
thai ras activation occurs at early carcinoma stages (34). His- 
tologically normal bronchial epithelium adjacent to cancers has 
also been shown to have certain genetic losses. Atypical ade- 
nomatous hyperplasia, the potential precursor lesion of adeno- 
carcinomas, often have KwtJ.s niutation.s (*) I). 
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Fig. 2 Sequential changes during lung cancer pathogenesis. Although multiple genetic markers are abnormal in lung cancers, their appearance during 
the lengthy pie neoplastic process varies. The liming of the appearance of these changes has been investigated in bronchial preneoplasia, because 
sequential sampling of the pei iphcraj lung is technically difficult. Several alterations have been described in histologically normal bronchial epithelium 
of smokers. Other changes have been detected in slightly abnormal epithelium (hyperplasia, metaplasia) which we do not consider to be true 
pre malignant lesions. These changes are regarded as early changes. Molecular changes delected frequently in dysplasia arc regarded as intermediate 
in liming, whereas those usually detected at the CIS or invasive stages are regarded as Jate changes. Jt should be stressed that although there is a usual 
order, exceptions regarding the riming of onset may occur. Some changes are progressive, such as chromosome 3p deletions. Thus small discrete 
changes are present early, progressively become more exteDsive during pathogenesis, and frequently involve all or almost all of the arm in CIS 
samples. Although allelic loss at the TP53 locus may precede the onset of mutations, data on this sequence are scant. Dysregulalion of the RNA 
component of telomerase (with its appearance in noDhasal cells) is an early event, whereas up-regu)alton of the gene is a relatively late event. 



Molecular change.*; have been found not only in the Junes 
of patients with lung cancer, but also in the lungs of current and 
former smokers without lung cancer {18. 42, 43). These obser- 
vations are consistent with the multistep model of carcinogen- 
esis and '"field cancerization" process, whereby the whole icgion 
is repeatedly exposed to carcinogenic damage (tobacco smoke) 
and is nt risk for developing mulliple ; separate. clonalJy unre- 
lated foci of neoplasia. The widespread aneuploidy thai occurs 
throughout the respiratory tree of smokers supports this theory 
(4-4). However, the presence of the same somatic p53 point 
mutation at widely dispersed preneoplastic lesions in a smoker 
without invasive lung cancel indicates Jhat expansion of u single 
progenitor dune may spread throughout the tespiratorv tree 
(4S)_ These molecular alterations might thus be important 
targets for use in the caily detection of lung cancel and for use 
as sun ogaic biomaikers in the follow- up of chemopr even lion 



studies. Detection of these mutant cells should be possible with 
the different molecular techniques in accessible specimens. The 
prospects of diagnosing these biological abnormalities in mul 
tiple types of clinical specimens are discussed below. 

Spetimens for Clinical Testing: Sputum 

Since the 1930s, cytological examination of spurnm has 
been used for the diagnosis of lung cancer (46). Cytological 
examination of sputa, especially multiple samples, is helpful for 
the detection of central rumors arising ftom the larger bronchi 
(e.g., squamous cell- and small cell carcinomas). Exfoliated 
cells from peripheral tumors, such as adenocarcinomas, arisine 
from the smaller airways ( small bronchi, bronchioles, :tnd alve- 
oli), especially those less than 2 cm in diameter can be detected 
only occasionally in sputum samples. This has become of 
•m rate i importance because the changes in cigarette position 
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(filters and decreased nicotine content) have created an increase 
in adenocarcinomas and a decrease in squamous carcinomas 
(47-49). The sensitivity of sputum cytology for early lung 
cancer is only in the 20%-30% range from screening studies, 
but by adhering to proper specimen collection, and processing 
and interpreting criteria, the yield can be substantially improved 
(50, 51). The data on the reliability of the sputum are conflicting 
(52-54). Browman et ah (52) reported interobserver agreement 
of 68% for exact and 82% for within - I- category. Holliday et 
ah (54) reported low agreement within observers (27- 60%) and 
across observers (13-50%). Within - 1 - category intraobserver 
agreement underwent a two- or 3 -fold increase in agreement, 
which was also the case for interobserver agreement. The var- 
iation in intra- and interobserver agreement seems to depend on 
experience among the cylotechnicians/cytopathologists and the 
composition of categories studied. A higher degree of agreement 
is obtained for higher grades of dysplasia (54). Risse et ah (55) 
showed that the ability to detect premalignant conditions is 
dependent on the number and type of cells present in the deeper 
airways, suggesting a mode of improvement that is unrelated to 
observer reliability. MacDougall et al. (56) concluded that spu- 
tum cytology was too insensitive and insufficiently accurate to. 
be included in the routine work-up of any patient suspected of 
having lung cancer. To impiqve the reliability of sputum cytol- 
ogy examinations a simplification of the diagnostic categories 
from .6 (normal; squamous metaplasia; mild, moderate, and 
severe atypia; and carcinoma) to 2-3 categories have been 
proposed (54). Future clmicopathological studies will be re- 
quired to validate this concept. 

To improve the sensitivity of sputum examination as a 
population- screening tool for the detection of early lung cancer, 
several approaches are currently under development. 

Imrnunostaining. Annual sputum specimens obtained 
from individuals screened at Johns Hopkins were obtained, and 
the patients were monitored for 8 years (57). Because the 
clinical outcome of these paiients was known, archival sputum 
specimens were screened for the presence of biomarkers that 
could indicate the presence of lung tumors in an early, preinva- 
sive stage. In an attempt to distinguish the pattern of marker 
expression Tockman et oh. (58) studied two monoclonal anti- 
bodies. Positive staining predicted subsequent lung cancer ap- 
proximately 2 years' before clinical recognition of the disease, 
with a sensitivity of 91% and a specificiry of 88% (58). One of 
these antibodies (703 D4) had a higher sensitivity and was later 
identified as recognizing hnRNP A2/BI (59). 7 he role of 
hnRNP A2/B1 overexpression for detecting preclinical Jung 
cancel has been studied in a lajge high risk population including 
6000 Chinese tin miners who were heavy Mnokers and who had 
an extraordinary rate oflung cancer 1 60). The result* from, this 
study indicated that detection of hnRNP A2/81 over expression 
in spumm epithelium cells was 7- to 3- fold moie sensitive for 
detection of lung cancer than standard chest X-ray and sputum 
cytology methods. The method was particulaily effective in 
identifying early disease (60). The sensitivity 7-1% \et\sas 
7)% for cytology and 42% for chest X-iav. However, the 
biomatket had a lower specificity (70%i compaied wjtb cviol- 
ocy (100%) and chest radiograph (90%). An onpoine clinical 
trial is evaluating the performance of the A 2/131 protein as ;t 
biornarkci for ihc early defection of SPI.O. "I he patterns ar risk 



for SPLC have the highest incidence of lung cancer (2-5%) 
among asymptomatic populations (61). In this trial, 13 SPLCs 
were identified by A2/BI, and the sensitivity and specificity 
were 77-82% and 65-81%, respectively. Among the cases 
identified as positive by hrjmujrcxrylochemisrry and image cy- 
tometry, 67% developed SPLC within J year (62> Whereas the 
previous immunocyt ochemistry studies on material from the 
older screening material from the NQ-suppojIed screening 
studies were made on sputum cells cytologically' classified with 
moderately or gravely atypical metaplastic appearance, the latter 
studies have been done on cytologically . "normal appearing** 
cells. More recently Sueoka et ah (63) reported the confirmation 
of the value of overexpression of hnRNP A2/BI to detect 
preclinical lung cancer in Japan. Efforts to improve the sensi- 
tivity of hnRNP markers are ongoing (64). . 

PCR Techniques. J>CR techniques have been used for 
the evaluation of molecular biomarkers for early lung cancer 
detection. In a pilot study with selected patients from the Johns 
Hopkins Lung Project (JHLP), 8 (53%) of 15 patients with 
adenocarcinoma or large cell carcinoma were detected by mu- 
tations in sputum cells from I to 13 months before clinical 
diagnosis (65). However, the method seemed to be less sensitive 
than the protein marker described above, and the identification 
of specific gene abnormalities is further limited by the need to 
know the specific mutation sequence with which to probe the 
sputum specimens. Currently, this approach is not practical for 
screening undiagnosed individuals. Future advances in gene 
chip technology may permit testing for all possible mutations of 
common oncogenes and TSGs in clinical specimens of asymp- 
tomatic individuals (62). 

Microsatellite markers are small repeating DNA sequences 
found in the noncoding regions of a gene. PCR amplification of 
these repeat sequences provides a rapid method for assessment 
of LOH and facilitates (he mapping of suppressor genes (66, 
67). Microsatellite alterations are extension or deletions of these 
repeated elements. Detection of microsatellite alterations in 
histological or cytological specimens may facilitate the detec- 
tion of clonal preneoplastic or neoplastic cell populations. Al- 
though the detection of microsatellite alterations does not indi- 
cate the specific genetic change in the rumor, detection of clonal 
cell populations might serve as a cancer screening marker (65). 
Identical alterations have been found in lung cancers and cor- 
responding sputum samples demonstrating minimal atypia (68). 
The pJ6 gene is located on the short arm of chromosome 
9(9p2!) and is frequently mutated or inactivated in mmors and 
ceil lines derived from lung cancer (69. 70). Bchnsky et ah (71) 
measured hypermethylatjon of the CpG islands in the sputum of 
lung cancer patients and demonstrated a high correlation with 
early stages of non-smaJl cell lung cancer, which indicated that 
p!6 CpG hypermethylation could be useful in the prediction of 
future lung cancer. However, prospective studies are needed to 
evaluate the role of pi 6 hypermethylation as a marker for early 
lung cancer detection. Multiple other genes are inactivated by 
hypermethylation in lung cancer (72), and the detection of 
hypermethylation may be useful tot risk assessment and early 
diagnosis. 

Computer- assisted lma»e Analysis". Computer- assisted 
image analysis was initially used to detect malignancy- associ- 
ated changes [e.g.. subvisual or nonobvions changes in the 
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distribution of DNA in the nuclei of histologically normal cells 
in the vicinity ' of preinvasive or invasive cancer; 73). In a 
retrospective analysis of sputum cytology slides, malignancy- 
associated changes alone correctly identified 74% of the sub- 
jects who later developed squamous cell carcinoma (74). The 
technique has been improved, and recent data showed sensitiv- 
ities of 75% for stage 0/1 lung cancer and 85% for adenocarci- 
nomas with a specificity of 90% (75): This quantitative micros- 
copy technique allows the examining of thousands of cells per 
slide within a relative short time. Similar techniques have been 
approved in the United States for cervical cancer screening, and 
' : might, in the future, play a role for lung cancer screening. 
However, no prospective clinical studies has evaluated this 
technology in a larger lung cancer screening setting: 

High Throughput Technology. With future advances in 
^gene chip technology, it might become feasible to; probe for 
expression of multiple genes in sputum specimens of asymp- 
tomatic individuals. However, this requires a large amount of 
undegraded RNA from respiratory tract cells. With the high 
throughput technology, a higher sensitivity might be achieved 
by using multiple markers at the cost of achieving a lower 
specificity, which would be undesirable for a screening study. 

In conclusion, we need to reevaluate the role of sputum 
cytology for screening and early detection of lung cancer be- 
cause of advances in biomarkers and technology. Ongoing stud- 
ies with standard and biomaiker analysis in high-risk groups 
might change the previous negative attitude and provide a new 
perspective on spunim cytology as a mass screening tool when 
applied in a high-risk population. Adding different molecular 
diagnostic tests gives the possibility for early diagnosis far in 
advance of clinical presentation. However, validation of the 
tests in larger prospective studies is necessary, and the individ- 
ual tests have to be compared with each other to define the role 
of early diagnosis in the overall management of high-risk sub- 
jects. Furthermore, health economic issues have to be consid- 
ered. 



Specimens for Clinical Testing: BAL 

BAL involves the infusion and rcaspiration. of a sterile 
. saline solution in distal segments of the lung via a fiberoptic 
bronchoscope. Ahrendt et a/. : (76) examined a series of 50 
resected non^SCLC tumor patients and compared the rumor and 
BAL with regard to molecular markers including p53 mutations, 
K-ras mutation, the mctbylation status of the CpG island of the 
pi 6 gene, and microsatelliie alteration (Tables J and 2). With 
the possible exception of the test for microsatellite alteiation. all 
of ihe tests had relatively hieh sensiriviry and could detect 
mutant cells in the presence of a large excess of normal cells. 
The frequencies of ihc.v change? .in the rumors ranged from 
27% (for K-rns mula lions) io 56% (for p53 mutations). As 
expected, p53 mutations were more frequent in central (predom- 
inantly squamous cell) tumors, ami K-ias mutations were more 
frequent in peripheral (predominantly adenocarcinoma) tumors. 
The specificity was hieh (nearly 100%) because, with the ex- 
ception of microsatellite alterations, the same genetic change in 
BAL sample as in rumors was always found, but the sensitivity 
was low, and in only 53% of tumors that contained molecular 
lesions were the same abnormalities detected in corresponding 
BAL fluids. Specifically, the rests were least helpful in the 
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group of patients in whom improved diagnostic abilities are 
• most needed, those with small, peripherally located tumors (77). 
Unfortunately, the investigators were not able to compare the 
molecular tests with routine cytopathological analysis of the 
BAL specimens. The sensitivity of the molecular tests in BAL 
specimens has to be improved, and we need to know the results 
from subjects at increased risk (current and former smokers 
without lung cancer and survivors of previous cancer of the 
upper respiratory tract) and subjects with chronic lung diseases 
as well as results from healthy never smokers. 

A European group has previously, shown that genetic al- 
terations delected in DNA from bronchial lavage of individuals 
with lung cancer were also found in individuals with no evi- 
dence of malignant disease (78), which raises the question about 
the specificity of such molecular damage in neoplastic condi- 
tions. To improve the sensitivity and specificity of detecting 
allelic imbalance in lung rumors, high throughput PCR-based 
microsatellite assays have been established (79). In a recent 
study by Fielding et al (80), the ^regulation of hnRNP A2/B1 
was found to be a promising marker in BAL for the detection of 
premalignant and malignant bronchial lesions with a diagnostic 
sensitivity of 96% and a specificity of 82%. 

It is too early yet to make conclusions as to whether BAL 
examinations will add to other pathological/molecular biologi- 
cal clinical studies. To obtain diagnostic material for BAL 
bronchoscopy is required, and we do not have any data that 
compare BAL examinations with biopsies. Thus, we do not 
know whether BAL is a valuable adjunct to the biopsies taken 
under the same bronchoscopy procedure^ 



Specimens for Clinical Testing: Peripheral Blood 

For many years scientists have searched for a lung cancer- 
specific tumor marker that could be detected in peripheral blood. 
Optimism was raised in the "early" immunocytochemistry era 
by the use of monoclonal antibodies raised against more-or-less 
specific epithelial epitopes. In the search for epithelial cells in 
peripheral blood and bone marrow, monoclonal antibodies 
against cytokeratin have been used. However, these reactions 
are clearly not cancer- specific, and some antibodies have been 
shown to cross- react with normal blood or bone marrow ele- 
ments (81, 82). Another explanation could be that cells from the 
macrophage/monocyte system may contain proteins derived 
from the primary tumor that have undergone necrosis and 
apoptosis and that these processed proteins are recognized by 
the antibodies (82). On the basis of "traditional" immnnocyio- 
chemisiry, no markers have been able to detect premalignant oi 
early- malignant disorders based on a peripheral blood sample. 
However, with the development of DNA technologies, new- 
possibilities have been raised, and, with the use of PCR tech- 
niques, some promising reports have been published. 

Nanogram quantities of DNA circulating in'blood are pies 
cnt in healthy individuals (83, 84). Tumor DNA is also released 
into the plasma component in increased quantities (85, So). 
Thus. the plasma and serum of cancer patients 'is enriched in 
DNA, an average four times the amount of free DNA as com 
pared with normal controls (87). In a smdy by Chen et al. f8$>. 
a comparison of microsatellite alterations in rumor and plasma 
DNA was done in SCLC patients, and 93% of the patients with 
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Table S Tissues and other resources for the study of molecular markers 



Specimen 



Ref. 



Comments 



Tumor tissue 



Sputum 



Surrogate organ 



Bronchial brush/wash 



Bronchial tissues 



BAL fluids 



Blood components 



Tissue for molecular staging 



Tumor cell lines 



Numerous 



65, 68, 71, 74 



140 



141, 142, 143 

42, 43, 45, 144, 145 



76, 78, 146, 147, 148 



72, 92, 149 



150, 151 



152, 153 



Cultures of nonmalignani tissues 154. 155 



NonmaJignant tissue horn patients 
and fiom ca neer- free relatives 



156, 157. 153 



Mixture of cell types, may require microdissection (139). Extensively used 
for roost, studies. Alcohol-fixed fine-needle aspirates may be used for 
mutational arid other studies. 

Respiratory celb usually in small minority. Most samples fixed in . 
'Saccomanno's fixative. Several studies have been performed on these 
specimens many years later. 

Predominantly squamous epithelial cells. Buccal smears; brushihgs of 
tongue or tonsil may be explored as potential surrogate organs resulting 
from (he field effect of tobacco damage of the entire upper .. 
aerodigestive tract. This concept needs to be confirmed. 

Predominantly respiratory cells. Fresh, frozen, or alcohol-fixed samples are- 
suitable for multiple studies including FISH." 

Usually from bronchial biopsies, but may be obtained from surgical 
resection specimens. Formalin fixation and paraffin embedding required 
for histological diagnosis, although EASI preps may permit ' - 
identification and isolation of subpopulations. Paraffin sections may be 
used for genotyping polymorphisms, for aBeloryping, and for in situ 
hybridization. 

* * 

BAJL fluids are useful for examining the peripheral airway cells, which are 
the precursor cells of most adenocarcinomas. Numerous mononuclear 
cells present. Enrichment of epithelial cells desirable. 

Analysis of circulating tumor cdls and genetic material shed by dying 
tumor cells into the plasma component may yield useful biological and 
diagnostic information. Gene mutations and presence of epithelial cell 
markers have been used to detect circulating rumor cells. Gene 
mutations, allelic loss, microsatellitc alterations, and aberrant 
methy ration have been used to identify tumor cell DNA released into 
the fluid compartment. 

Although Ji tile data exists for lung cancers, regional lymph nodes, sentinel 
lymph nodes, and surgical resection margins have been used in other 
tumor types for molecular staging. 

Provide an unlimited self-replicating source of high-quality molecular 
reagents and have been used for numerous studies. Cell lines may or 
may not icflecl the properties of the tumors from which they were 
derived (26). although they probably represent cellular subpopulations 
(27). Aggressive metastatic rumors are more likely to be successfully 
cultured (28) resulting in skewed data. 

Epithelial cultures may be useful for studying molecular changes during 
multistage pathogenesis. Temporary as well as a few immortalized 
cultures from nonmalignani epithelial cells have been established; 
B-lymphoblastoid cultures are useful for linkage analysis, for genetic 
suspect ibiliry studies, and for alle lory ping corresponding rumors. 

Tissues such as buccal smears, tumor- free lymph nodes, and peripheral 
blood mononuclear cells are useful as controls for linkage analysis, for . 
genetic susceptibility studies, and foi allelotyping corresponding rumors. 



" FISH, fluorescence in siiu hybridization; EASI.' epithelial aggregate separation and isolation. 



mioosaiellite alterations in tumor DNA also hod modifications 
in the plasma DNA. However, some patients had LOH onlv in 
the rum of DNA. Because most of the mioosaiellite alterations 
were similai in rumor DNA and plasma DNA. they concluded 
u that some of (he DNA circulating in the blood comes from the 
rumor. Thus, modifications of circulating DNA can be used as 
.'m carlv detection marker. Detection of a ben ant DNA methyl- 
at ion in serum DNA in patients with non-SCLC has been 
reported P2). Although (he nnmbei of patients was small arid 
the hvpeimcthylated DNA was found in all stages, it opens up 
for the possibility to be used as an eaily lung cancel detection 
maiV.n. fun her mote. p?3 and ras gene mutations have been 



detected in the plasma and serum of patients with colorectal 
canceis (89-91). pancreatic carcinomas (92. 93). and hemato- 
logical malignancies (94). 

In. conclusion, the limited direct accessibility ol lung car- 
cinomas has Jed to efforts to identify tumor- associated soluble 
maikeis in serum or plasma. Many of the cunently recognized 
soluble markers were fust identified as "tumor' matters but. 
when evaluated in nonneoplastic tissue, have often been found 
in nonnal cells as well as in tumors, for early detection of long 
cancer, we need more clinical data evaluating these new molec- 
ular biological markets from multiple sites, especially in high- 
risk groups. 
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Table 2 Molecular approaches for lung cancer investigation 



Specimen 



Ref. 



Gene mutations 



159, J 60, 161 



AlJelotyping 



18, 158 



Gene expression at RNA 
and protein level 



I45 r 162. 163, 164, 165, 166 



Molecular cytogenetics 



Comparative genomic 
hybridization 

Morphomeiric studies 



40, 167, 163, 169. 170 

171, 172 
74, 173; 174 



• Comment 



Widely used technique, especially for p53 and raj genet Often used 
to determine the r61e of a newly discovered gene in the 
pathogenesis of lung cancer. May be of diagnostic and prognostic 
significance. Multiple methodologies available ... 

Useful as a partial substitute for' mutational analysis and for 
determining the chromosomal locations of putative rumor 
suppressor genes. Widely used lo study multistage ; pathogenesis. 
Readily performed on formalin- fixed and roScrwlissecred tissues. 
Increasing use of genotyping using automatic sequencers. 

Northern blotting and reverse transcription-PCR are widely used to 
investigate gene expression. Western blotting often used for . 

. detection of protein expression. In situ hybridization for message 
expression can be performed on r^raiWembedded tissues and, 
thus, can be used to investigate multistage pathogenesis. 
Microarray techniques offer promise of examining all or most of 
the genome but currently require relatively large amount of high-, 
quality RNA from purified cell populations! Sage technique useful 
for investigation and identification 'of expressed genes. Similarly, 
advances m proleomics will permit simultaneous detection of 
multiple proteins. Numerous immunohistochemical studies of 

. oncogene expression have been used to study multistage 
pathogenesis. Of particular interest, hnRNP expression on 
exfoliated epithelial cells in sputum samples may predict for 
development of cancer. 

In situ hybridization studies of fixed materials or using smears has 
provided considerable information about numerical and structural 
changes. 

Useful for detection of gene amplificotions. Less sensitive for the 
detection of regions of allelic loss. 

May be applied to par a ffin- embedded tissues. Useful for determining 
aneuploidy and for measuring a number of nucleai and 
cytoplasmic parameters. 



Specimens for Clinical Testing: Bronchoscopy 

WLB is the most commonly used diagnostic tool for ob- 
taining a definite histological, diagnosis of lung cancer. Bron- 
choscopy has major diagnostic limitations for premalignont le- 
sions. Becaitse these lesions aie only a few cells thick (0.2-1 _ 
mm) and have a surface diameter of only a few millimeters, they 
rarely are observed as visual abnormalities. Woollier (95) re- 
ported that squamous cell CIS was visible to experienced bron- 
choscopists in only 29% of cases. To address this limitation, 
fluorescence bronchoscopy was developed, Eaily studies of 
fluorescence bronchoscopy entailed the use of fluorescent drugs 
(hematoporphyrin dyes) that weir preferentially retained in ma- 
lignant tissue (96). Although, studies evaluating this approach 
did. in fact, show that early invasive and tn situ cancers could be 
localized, the detection of dysplasia remained problematic (97- 
J 00). Furthermore, the development of phoioirynamic diagnos- 
tic systems was hampered by problems including skin photo- 
sensitizing and interference with tissue autoOuorescence. To 
overcome these problems, a new laser photodynamic diagnostic 
system was developed (101). This system detected rumor- 
specific drug fluorescence at f>30 nm wavelength, which is far 
from normal tissue auiofluorescence (MtOoSO nm). and inter- 
ference by an toll uor esc e nee horn norma! tissue should then 
have been eliminated, but it remained a significant problem 
(10?). 



Another approach was developed by Palcic et al (103), 
who noticed the lack of autofluorcscence in the rumor lesions by 
using blue light (442 nm) rather than white light to illuminate 
the bronchial surface. They amplified the difference in aulofjuo- 
rescence between normal, premalignant, and tumor tissue for 
clinical use (103, 104). Using, a high-qualiry-chaTge coupled 
device and special algorithm, the LIFE was developed, taking 
advantage of the principle thai dyspJastic and malignant tissues 
reduce autofluorcscent signals compared with normal tissue 
(Fig. 3). 

Several studies have been performed comparing the drag- 
nostic specificity and sensitivity of LIFE bronchoscopy versus 
WLB in diagnosing preinvasive and early- invasive lesions 
(105-109; Table 3). Most of the studies reported a higher 
diagnostic sensitivity of LIFE bronchoscopy in the detection 
premplignant and car Jy- malignant lesions at the cost of. tower 
Specificity {i.e.. more false-positive results). In most of these 
studies, lesions with moderate dysplasia or worse were the target 
of the study and rated as "positive." The prevalence of ptein- 
vasivc and eaily lung cancer varies widely from one study to 
another, from 20.2% (103) to 6i.S% (102). The explanation 
might be beyond the risk profile of genetic variations or differ- 
ent levels of experience among the endoscopists as well as the 
pathologists involved. Furthermore, there seems to be a training 
effect in using rhe LIFE bronchoscope, which has been demon- 
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slraled by Venmans ci al. { J 07). in their study, the diagnostic 
sensitivity incicased from 67 to 80% when comparing the Inst 
and the second half of the study. The itse of the LIFE device in 
conjunction with WLB improved the detection fate of preneo- 
plastic lesions and OS significantly (Table 3). Kwie et al. f (06) 
-looked for more subtle risque trans forma l ion. but their study 
included few paiients - wjih moderate dysplasia or worse. No 
improvement in the evaluation of metaplasia index was ob- 
served by the use of Lift bronchoscopy. Thus, differences in 
the study population might explain (he diffeicnt conclusion. 
There are still no clinical studies with sufficient long-term data 
showing that moderate dysplasia is ihc most relevant clinical 
piedicioi of eventual malignancy. Limitations in making con- 
clusions from the iwrjimg studies ate also il JC potential nielli- 
odological bias related to the oulei in which ihc differe nt bum- 
chose opy procedures are dwie and whether (he same examiner 
has performed both procedures To address these issues, n 



prospective randomized study between LIFE bronchoscopy and 
WLB was done al the University of Colorado Cancer Center. 
The study design included a randomization with regard to the 
order of procedure ns well as the order of the individual bron- 
choscope (109). The order of the procedure and of the indi- 
vidual bronchoscopist did not affect the results The study aJso 
demonstrated a significantly higher sensitivity- in delecting pie 
malignant lesions visualized by the LIFE, but at the cost of a 
lower specificity { J0°). The reason for ibe low diagnostic spec- 
ificity f'oumi with the LIFE bronchoscopy in the diffcteni studies 
mighi be attributable to the visualization of mote abnoimaJ foci 
with the I.IF); bronchoscope, with the consequence that a larger 
number ol biopsies were taken and. ibus. ibeic was a Inchei risk 
ot more false- positive results. The use of LIFE bronchoscopy 
has led to ihc identification of a new morphological entity, the 
ASD. which is described above. In a recent morphological study 
angiody;:p|;i:.iif ihanges weie frequently found in preneoplastic 
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Fig. 4 Seventy-one-year-old man with a spicular nodule in upper left 
Jobe demonstrated on low-dose helical CT {picture), but no* visible on 
chest X- radiography. CT- guided biopsy showed adenocarcinoma. 



and early -malignant lesions in the bronchi (26). The morpho- 
logical entity has been confirmed in preneoplasias among smok- 
ers, and the perspectives of this finding have been extensively 
discussed (1 10). The prognostic significance of this morpholog- 
ical entity is currently studied in ongoing long-term follow-up 
studies. Future studies have to evaluate the role of ASD as a 
biomarker for early lesions and whether it can be used as a 
marker for treatment effect ot therapeutic target for chemopre- 
vention. 

The LIFE bronchoscope may play an important role in the 
screening and follow-up of subjects at high risk of developing 
lung cancer. At this stage, however, it is unknown whether the 
LIFE bronchoscope will lead to a reduction in lung cancer 
mortality. There are also no data on cost- effectiveness and 
cost-benefit analyses available for this new diagnostic proce- 
dure. The use of the LJFE bronchoscope may also in the future 
be extended to other indications, e g., patients staged as having 
resectable lung cancer on one side. Whether LIFE bronchoscopy 
of the contralateral lung will disclose abnormalities, which 
would change the therapeutic decision, is not yet reported. . 

Recent Advances in H a Otology 

The previous NCI-sponsored screening trials failed to dem- 
onstrate any reduction in the lung cancer mortality by sputum 
cytology and yearly chest radiography as mass screening tools 
for lung cancer screening. Limitations of design and execution 
of (he studies, however, have been discussed extensively (3. 
Ill, (12). An extended follow-up (median. 20.5 years) of the 
Mayo Lung Project wns recently published (113). There was 
still no difference in lung cancer mortality between the inter- 
vention ami and ihc control ami .4.1 versus 3.9 deaths per 1000 
person- vears). However, the median survival for patients with 
resected early-stage disease was 1 6.0 years in the intervention 
arm versus 5.0 years in the usual-rare arm [P < O.OM The [;iuei 
findings have raised the question as to whether some small 
lesions wjih limited clinical relevance may have been idem i fie it 
in the intervention arm. and the question ot " overdiagnosis" was 
discussed in accompanying editorials (11-1) 



Mass screening for lung cancer has been performed in 
Japan for many years and has been performed in over 500,000 
. people in about 80% of the local communities (1 15). Sobue et 
ah (116) observed thai annual clinic-based chest X-ray screen- 
ing for lung cancer in Japan showed reduced hing cancer mor- 
tality by about one- fourth among individuals who. underwent 
screening once a year. In this screening program, the relative 
odds ratio of dying from lung cancer within 12 months was 
0.535 and in the 12-24-month period was 0:638 (II 7). How- 
ever, many studies have focused on the pitfalls in the detection 
of abnormalities by radiography (118-122). The limit of chest 
: radiographic sensitivity for nodule detection is roughly I cm in 
diameter, by which time the tumor has over IQj 9 cells and may 
already have violated bronchia] epithelium and vascular epithe- 
lium. CT has been shown, to be more effective in the detection 
of peripheral lung lesions compared with plain radiography or 
conventional tomography of the whole lung (123, 124). 

Spiral CT scan is a relatively new technology with the 
. ability to continuously acquire data resulting in a shorter scan- 
ning lime, a lower radiation exposure, and improved diagnostic 
accuracy compared with those of plain radiography (125-127). 
Spiral CT allows the whole chest to be imaged in one or two 
breath-holds, reducing motion artifacts and eliminating respira- 
tory misregistration or missing nodules. Although there is 
greater radiation exposure with CT than with chest radiography, 
low-dose techniques (lower mA of 30-50 compared with 200 
for conventional CT) have achieved calculated exposure doses 
that are 17% that of conventional CT and 10 times that of chest 
radiographs. Further reduction in radiation dose while maintain- 
ing diagnostic accuracy is a topic of current research. Further- 
more, for the baseline screening, low- dose spiral- CT-scari i.v. 
contrast is not administered. Nodules as small as 1-5 mm can be 
shown with modern spiral CT technology (25, 128). The obvi- 
ous advantages with this new technology led some groups in 
Japan and in the United Slates to look to low-dose spiral CT as 
a tool for screening (Refs. 129-13 1; Tables 4 and 5). 

' In a Japanese report, spiral CT scans and chesl radiographs, 
were done twice a year in 1369 individuals (129). Peripheral 
lung cancer was detected in 15 (0.3%) of 3457 examinations, 
and, among the 15 lung cancer cases detected, the results of 
chest X-ray were negative in 11(73%), and the lumors were 
detected only by low-dose spiral CT. The detection rates of 
low-dose spiral CT and chest X-ray were 0.43% (15 of 3457 
examinations) and 0.12% f4 of 3457 examinations), respec- 
tively. Furthermore, 14 (93%) of the 15 lung cancers were stage 
1 disease. The histology showed that II of the 15 lung cancer 
cases were adenocarcinoma, and 4 had squamous cell carci- 
noma. The effective exposure dose with spiral CT scan in that 
study was calculated to about one- sixth that of conventional Cf. 

The ELCAP in New York was desrened to determine:* (a) 
the frequency with which nodules were delected: (/>) the fre- 
quency with which deiecred nodules represent malignant dis- 
ease: and (c) the frequency with which malignant nodules are 
curable (131). In the LI. CAP study. 71 lung tanceis were found 
among 1000 subjects screened. 'Among the 71 patients with 
cancer . 85% had stage I disease O able 5). 

Another population- based study on low dose CT screening 
has been published by S one t : r al. t!30). usirtjz □ mobile low- 
dose spiral CT scanner. The detection rate was 0.4B% Iff, 4-5 
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Table 3 Bronchoscopy versus WLB in diagnosing: pre matigriant and early-malignant legions 

Specificity 



Sensitivity 



Predictive values 



No. of LIFE+ 
biopsies WLB 



Relative Relative 
, sensitivity LIFE+ specificity 
LIFE' WLB L1FE+WLB WLB LIFE WLB LIFE+WLB 



PPV" NPV 

LIFE+ LIFE+ PPV NPV PPV NPV 
WLB WLB LIFE LIFE WLB WLB 



Lam et al (105) 
Kurie et al" (106) 
Venmans et al (107) 
Vermulen et al (108) 
Kennedy et al (109) 



700 
234 
139 
172 
394 



0.67 
NR 
NR 
0.93 
0.79 



NR 
038 
0.89 
NR 
0.72 



0.25 
NR 
0.78 
0.25 
0.18 



63 (2.7T 

NR 
L43 
3.75 
4.4 



0.66 
NR 
NR 
0.21 
0J 



NR 
046 
0.61 
NR 
0.43 



0.90 
NR 
0.88 
0.87 
0.78 



NR 
NR 
NR 
NR 
0.38 



0.33 

NR 

0.20 

0.13 

0.21 



0.89 
NR 
NR 
0.96 
0.85 



NR 
0.16 
0.14 
NR 

0.25 



NR 
0.81 
0.99 
NR 
0.87 



0.39 

NR 

0J2 

0.19 

0.17 



0.83 
NR 
0.98 
0.90 
0.80 



" PPV, positive predictive value; NPV, negative predictive value; NR, not reported. 
h Based on reference pathologist. 
* If invasive carcinoma is included. 



Table 4 Results from three population-based screening studies with low-dose spiral CT (LDCT) 





No. of individuals 
studied 


True 
positive n 


False 
positive" % 


Predictive - 
value % 


Detection rate % 




Age incl. 
yr 


Authors 


LDCT 


. X-ray 


Pack-yr 


Kanekoe/o/. (129) 
Sonc et al (130) 
Henscbke et al (131) 


1369 
■ 3967 
1000 


15 
27 


15.6 
5.0 
20.J 


6.6 
8.8 
1 1.6 


0.43 
0.46-0.5 
2,7 


0.12 
0.70 


>20 

>30* 

>l(f 


>50 
40-74 
>60 



* Defined as individuals with "test-positive,'* in whom further workup gave no suspicion of malignancy. 
b The study also included a group of nonsmokers. 
c Average = 45 (not reported in the other studies). 



Table h Histology, stage, and size of primary lung cancer detected by low- dose spiral CT 



Author 


No. of earn ers/ 
■ No. scieeried 


Histology % 






TNM % 




Size (mm) 






Adeno" Squam. 


Other 


1 


11 III IV 


Average 


Range 


<10 


11-20 


>2I 


Kaneko er ol (129) 


15/1369 tl.1%) 


73 ' 17 




93 


7 


12 


8-18 








Sone et al. (130) 


19/5483 (0.3%) 


63 5 


32 


84 


16 


17 


6-47 


4 


14 


3 


Hcnschke et ui {131) 


27/1000(2.7%) 


67 " .3 


30 


85 


4 11 






15 


8 


4 



" Adeno, adenocarcinoma; Srjuam.. squamous- cell carcinoma; TNM, rumor-node- metastasis. 



cases per 1000 examinations). Surprisingly, there was no dif- 
ference in the detection rate among smokers (0.52%) versus 
nonsmokers (0.46%). The results from the three population- 
based studies are summarized in Tables 4 and 5. The conclusion 
from these studies is that 85% of the. lung cancers detected by 
Jaw-dose CT were in .stage I, offering improved possibility for 
curative treatment and better prognosis in general. However, the 
issue of "false- positive" scans has to be taken into consideration. 
Thus far* up to 20% of the participants with nodules on the scan 
had no malignancy during the follow-up period. The possibility 
that the cancers found tepresent incidental cancers as in the 
Mayo Lung Project must also be considered \ ) 14). The jesuJts 
from these studies confirm the expectation that low-dose CT 
incicases the detection of small nonoalnfied nodules and, that 
Jung cancer at an eailier and more curable stage are detected. 
The mobile CT sc tec nine Mudy by Sone et ol. ( 130) showed that 
low-dose O increased ihc likelihood of detection of malignant 
disease 10 times r;s compared with radioL-iaphy. The overall rale 
of malignant disease was lowei m rhe .Japanese studies (129, 
130) compared wiih the HI. CAP siudy (Kef. 13 I; detection rates 
0.43-0.48% ivr\ju.t ?.7%). 'litis could be because the Japanese 
studies screened individuals from the general population ages 



40-74, whereas ELCAP screened people at high risk, ages £60, 
with a tobacco history of al least 10 pack-years. Thus., as 
expected, the risk of the population to be screened affects the 
late of cancer detection. 

Questions remaining to be answered include: [o) what are 
the diagnostic sensitivity and specificity of this procedure: and 
(6) does screening reduce lung cancer mortality? The spiral CT 
has not been as sensitive for small central cancers as it is for 
small peripheral cancers (129. 131)1 Minute nodules of lung 
cancer that are near the threshold of. detectability may be over 
looked at spiral CT scieening (132). A prospective study of the 
diagnostic sensitivity of spiral CT has recently shown that the 
diaenostic sensitivity exceeded the sensitivity of conventional 
CT in previous reports {25). However , there were limitations in 
the detection ol intrapnlmonary nodules smaller than 6 mm and 
of pleural lesions. Compared with surgery (thoracotomy with 
palpation of deflated lung, resection, and histology), 'he sensi- 
tivity of spiral CT was 60% for inirapuhiionary nodules of <6 
mm and 9.*»% for nodule? of 2:0 nun and was 100% foi neo- 
plastic lesions ^6 mm. Furl hen note. :r marked diffeience in the 
sensitivities of two independent observers was tonnil for nod 
tiles smaller than 6 mm. whereas agreement was much better for 
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nodules (25). Given these promising preliminary clin- 
ical results, further research- is needed to determine the optimal 
technique for. spiral CT screening, which includes collimation, 
reconstruction interval, pitch, and vietying methods. Decreasing 
* the slice thickness to 3 mm, monitoring the viewing of exami- 
nations, and Computer-aided diagnosis have been used to im- 
prove the diagnostic capability of spiral CT in the detection of 
pulmonary nodules (1 33- 136). 

Future large scale randomized studies have to confirm 
whether hi. fact spiral CT screening will lead to a reduction in 
Jung cancer mortality. In a randomized study, the following 
questions arise: (6) what is the optimal high-risk group to study 
and what should be the control arm? (b) what should be the end 
points (goals) of the studies? The ultimate goal is to reduce the 
rung cancer mortality. However, although this is a long-term 
goal, intermediate end points from such studies should be eval- 
. uated. The change to more curable stages at diagnosis for the 
lung cancer patients is one such immediate goal; (c) what is ibe 
optimal workup and the morbidity of this program? (d) what is 
the cost, of such a screening program? and (e) what is the 
false-positive rate of the screening findings? Incorporation of 
smoking cessation- programs should be included in the future 
design of screening studies because it has been shown that 
screening wiih low- dose CT in participants who are still smok- 
ing provides substantial motivation for smoking cessation (137). 

The studies with spiral CT-scan have demonstrated the 
superior diagnostic ability in the detection of small peripherally 
located tumors, most of the malignant ones of adenocarcinoma 
type of histology. The diagnostic sensitivity of spiral CT for 
more centrally located tumors (mostly squamous cell carci- 
noma) is significantly lower than for the peripherally located 
ones. Through these spiral CT studies, we will leam about the 
biology, pathology, and clinical course of these small tumors, 
which might be different from what we know about clinically 
more evident rumors detected routinely in previous studies. 

Because lung cancer is so common, the introduction of any 
new screening technique in this area has to be underpinned by 
careful definition of the cost implications and must be justified 
by compelling evidence. The cost- effectiveness of the spiral 
CT approach shouFd be assessed by evaluating the rate of 
over-diagnosing nonmalignani. relatively common abnormnli 
tics and comparing CT imagine to other diagnostic technologies. 

PET with FDG has recently emerged as a practical and 
useful imaging modality in the preoperative staging of patients 
with lung cancer. However, whereas CT is most frequently used 
to provide additional anatomical and morphological information 
about le.vions, the FDG PET imaging provides physiological and 
metabolic information that characterizes lesions that aje inde- 
terminate by C7. FDG PUT imagine takes advantage of the 
increa<>ed accumulation of IDG in transformed cells and is 
sensitive |~95%) lor the detection of cancer in patients who 
have indeterminate lesions on CT ( 138). The specificity (~S.*>%) 
of PET imaging is slightly less than its sensitivity because some 
inflammatory processes avidly accumulate FDG. The high nce- 
.'ttivc predictive v;due of P1;T suggests th:M lesions considered 
negative on the Mudy :nc benign, biopsy is .not needed. ;;nd 
radiographic follow- up is recommended. Several studies have 
ilocmmnitd ihe increased .iroipocy of PET compared wiih CT 
in the evaluation ol 'be hilar and mediastinal lymph node status 



in patients with lung cancer ()38). However, the PET resolution 
is sufficient onfy for nodules ^6 cm and will not be helpful in 
detecting the very small nodules. Compared with low-dose 
spiral CT, the FDG PET scan is more expensive and time 
consuming. The role of PET scan in early diagnosis of hiog 
cancer in an asymptomatic high-risk population is not yet eval- 
uated. However, future studies have to include PET evaluation 
lo define its role in a population screening setting. 

Conclusion 

Recent advances in molecular biology and pathology have 
led to a better understanding and documentation of morpholog- 
ical changes in the bronchia) epithelium before development of 
clinical evident lung carcinomas. Combined with technical de- 
velopments in radiological and bronchoscopic techniques, these 
procedures offer great promise in diagnosing lung cancer far in 
advance of clinical presentation. Any of these individual proce- 
dures could be incorporated into the routine management of 
individuals at risk for developing primary or secondary lung 
cancer, and for several of these methods, clinical studies are 
under way. Preliminary reported data are very promising for the 
early detection of lung cancer. Future studies must incorporate 
the different methods in a multidisciplinary scientific setting to 
evaluate the role of the individual method in the overall man- 
agement for individuals at high risk for developing lung cancer. 
Several of these tests might diagnose the disease at the stage of 
clonal expansion before invasive carcinoma has developed. A 
management and intervention strategy appropriate to that stage 
of disease have to be developed. Preliminary studies of chemo- 
prcvention agents are reported, and new agents based on other 
biological mechanisms are under development and ready for 
clinical trials. It is now time to plan clinical trials that evaluate 
both diagnostic and therapeutic approaches to access their im- 
pact on the incidence of clinical lung cancer- 
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Localization of tissue inhibitor of metaUoproteinascs 1 (TDVIP-1) in human 
colorectal adenoma and adenocarcinoma. 

. Holtcn-Andcrse.n MN , Hansen U, BnmncrN, NielscnHJ, Ulcmann M Nielsen BS . 
Tlie Finsen Laboratory, Rigshopitalet, Denmark. 

Tissue inhibitor of matrix metalloproteases 1 (TIMP-1) inhibits the proteolytic activity of 
matrix metalloproteases and hereby prevents cancer invasion. However TIMP-1 also 
possesses otter functions such as inhibition of apdptosis, induction of malignant 
formation and stimulation of cell-growth. Wehave previously demonstrated that 
1 1MI -1 is elevated in blood from colorectal cancer patients and that high TtMP-I levels 
predict poor prognosis. To clarify the role of TIMP-1 in colorectal tumorigenesis the 
expression pattern of TIMP-1 in benign and malignant colorectal tumors was studied In 
all of 24 cases of colorectal adenocarcinoma TIMP-1 mRNA was detected by in situ 
hybridation^ In all cases TIMP- 1 expression was found in fibroblast-Hke cells located at 
the invasive front but was seen only sporadically in normal mucosa. No TIMP-1 mRNA 
was seen ,n any of the cases in benign or malignant epithelial cells, in vascular cells or 
smooth muscle cells. Comparison of sections processed for TIMP-1 in situ hybridization 
with sections immunohistochemically stained with antibodies against TIMP-1 showed 
good correlate between TIMP-1 mRNA and immunoreactivity. Combining TIMP- 1 in 
"I TrJf, immunohistoc ^™oaI staining for alpha^mooth mu?cle actin or 
CD68 showed TIMP-l mRNA in myofibroblasts but not in macrophages TIMP-1 

IT ,T tCd , ^ 2 ° f 7 adenomatous P^yPS in die adenoma area: in both cases 
associated w|th focal stromal inflammation at the epithelial-stromal interface In 
conclusion TIMP-1 expression is a rare event in benign human colon tissue but is ruehlv 
expressed by myofibroblasts in association with invading colon cancer cells. 
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Localization of tissue Inhibitor of MetaMoproteinases 1 (TIMP-1) in Human 
Colorectal Adenoma and Adenocarcinoma - 

The Finsen Laboratory, Rigshopitalet, Denmark ' 
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KS"^ melaUoproleas.s 1 (TIMP-1) inhibits 
the proteolytic activity of matrix inetalloproteases and herebv 
prevents cancer invasion. However, TIMP-1 XL^fc 

transformation and sUmufcrfonrf ^ 



oo^y i demo DS traled that TTMP-1 is derated hT Mood hfr^/cX 
rectal cancer patients and that Ugh TIMP-1 1'evdHrM&t ^ 

sris" rote 01 A.i » jszs: 

fSLzZJFS 0n patterB rfT «MP-l i» benign and malfenant 
colorectal tumors was studied. In an of 24 case Tof 

celte &*t,d ^?^? M ?" 1 r e3 l* e f , « n w« found in fibroblast-like 
ceus located at the invasive front but was seen onlv SDorarhVallv tn 
normal mucosa. No TIMP-1 mRNA was seen^/oTSe^ £ 

hJESr « Co ™P arls00 of sections processed for TTMP-1 in situ 

hybridization with iinmunohistocHemical staMnl for a-si^Sh 
muscle actin or CD68 showed TIMP-1 niKNAta m^£2S^ 
tat not.to macrophages. TrMP-lSA^^S^"*^ 
adenomatous polyps in the adenoma area: in bo A cases asodafed 
l"»n^ 0 T^r ati0n - M* epi^stro^lSc^ 

tipn with invading X c Sw' myofibroblasts in assoda- 



S^SW'' "» Ohistcchem- 

Me * e P' at 6a > D > *e presence of the naturally occumh. 

at 8 b X„r Ue ,nhibi, r ° f ^alloprceinases (TTMP)S f 
a 28 kDagJucoprotein demonstrated to be present in most hodilv 

™Z biDdsand ^ MMPs - » W «XE£ 

LTZ^ 0verex P re ? a ° n of ^P" 1 i" various cancer modTls 
bas shown a suppressive .ok in the maligna pl0gI essiOT ?5o£ 
ever, as opposed to this ami-invasive role of Tl^Tseveral 

S Sm^" - " U " e diff "«' lion's of to 
MMP->nhiDJtor including stimulation of cell growth roaHsnan , 

transformation and inhibition of apoptosis su/.esTe a D cS 
nimor-prorootino role of T1MP i iL 1 , e » cslm 8 a possible 
•encsis «->o tw L i, ' very "'^ sla 8<» of rumori- 
r!bv a dual 2" ■ bce " *P™*«0 «tat TftfP- 1 may actually 
play a dual role ln cancer progression and metastasis » 

MMp W m^ , r , i eS H baVe *" , ° mtn ' ,ed " ,at Wmor '"els of 
AM4P mRNA and prolan are significantly increased in various 
malignant drseases and -that such MMP elevations are coaled 

JW j mKNA and protein in several cancer rvpes »-2o M orp 
over, we and others have demonsna.ed tha, meas^ement of „" 

suong marker for short survival and recurrence of - 
paliems with colorecia) cancer -"-'i c;™ i . disease in 

' cancer - Similarly, a strong conelation 



J^een^bigh protein levels and poor prognosis is known for the 
rype-1 plasminogen aebvator inhibitor (PAI-l)^ Consider™, 
^.e^ inhibiting function of mesc inhibit. AeSS 
UtaueA I omlroversial; Bbwevet, alternative functions have beei 
^ported both for TIMP-1 as mentioned above as wS FiJS 

In order to better understand the role of TTMP-1 in colorectal 
cancer, bstochetnica] I analyses may provide some intfcSS 
numbei -of stuthes of the localizafioii of TIMP-1 in colo^rf 
cancer have been published; however, the results of tneTS 
~ewbat contradictory.Newell and colleagues- 
nMP-1 mRNA was expressed both in invasive ailcnccananoma. 
caiprnoma ,n sm and adenoma and that the expressS,^ X 
^ed m bod, the sn-omaJ as well as the ejrithehal compartn^it 

*a,S Sa 1 " C ° DllaSt - ^? ^ «->W^S«3 
mental 7** 6n,y u ^ compart- 

^ •^ eD0Carc,n0mas 1,1 spindle-shaped cells'sur. 
£^ g > ^f^ve cancer cells. The results of unmunoliisto- 
cbeimcal studies of TIMP-1 in colon are also conflicting: Hewta 
a^d colleagues- reported that . TTMP-1 was expressed in the c^n" 
necu ve tissue and basement membrane in bolh norma] muco» 
adenomas and adenocarcinomas with only little staining of the 
neoplasuc I epithehum. On the other hand, Tomita and coDeaoues» 
reported that TTMP-1 was expressed in both stromal and epiS 
cells m colonic polyps and adenomas; as well as in adenocarcino- 
mas, in which the neoplastic cells were strongly iminunoreactive 
J. 0 *' ,0 . ^olve tee inconsistencies, we undertook our study 
^,?I^,™ yb ^ d ^ ,i0n 306 immunohistochemistrv demon- 
Ttt ^ 7 MP - V S m royofibroMasts in the'stroma at 

Ae mvasive front of colorectal adenocarcinomas. Because TTMP-1 

,7« JTi. * ° m n ° mal co,orecfal M«heltan. we eval- 

uated the possftihty of using TIMP-J as a diagnostic tool to 
differenuate cotorecta] adenomas from Dukes' stage A colorectal 

adenocarcinomas. . 



Materia) and methods 

Tissue samples 

^ , . i " ue j na,eria i included was obtained from University Hos- 
pital of Hvidovre (Copenhagen, Denmark) in accordance with a 

oTSSS by ,he ,ocal scien,ific ethical commit.ee (KF 

,mK aa 5" F °» n£e " alchiva ' sa,1 °P les (formalin fixed and paraffin 
embedded) collected from 1989 to 1993 included Dukes' stage A 
co orectal adenocarcinomas („ = 8) and colorectal adenomatous 
P°i>PS in - 6, ^ were pedunculated (1 with mild and 2 with 
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HMP-1 EXPRESSION IN THE COLON 
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moderate dysplasia) and 3 were sessile (1 with moderate and 2 
with focaJly severe dysplasia)]. Samples from 16 colorectal ade- 
nocarcinomas (1 Dukes* stage A, 6 -Dukes' stage B, 8 Dukes*, stage 
C and 1 Dukes* stage D), 1 villous adenoma and 1 malignant colon 
lymphoma were prospectively collected during 1999-2000. These 
prospectively collected, tissue specimens were dissected so that 
samples contained both normal mucosa and rumor tissue and were 
obtained within 30 min following surgical bowel resection. The 
specimens were immediately fixed in 4% neutral buffered formalin 
for 20-24 hr and then paraffin embedded. The 14 archival samples 
had also been formalin fixed and paraffin embedded. ' 

Generation of rionoverlapping WMP-] cDNA fragments by PCR 

The full length TTMP-1 cDNA (GenBank NMJXB254) cloned 
in pSP64 vector 29 was used as template to generate 2 nonoverlap- 
ping PGR fragments for in vitro transcription,, and named f 104 (bp 
56-378) and fl06(bp 398-680). First, the whole insert (-780 bp) 
was cut out by digestion with Hind 111 and JfamHL ana punned 
after agarose gel electrophoresis using the Qiaex It gel extraction 
kit{Q>agen, Crawley, pnited Kingdom). To generate nonoverlap- 
ping antisense probes and the corresponding sense probe, 2 PCR 
fragments were generated using, upstream' primers flanked by a 
linker sequence containing an EcoRl restriction enzyme site (un- 
derlined nucleotides) and a T3 polymerase binding sequence 
(boldface) 5'-(ga^aartdart3accctcactaaagggaga)-3', and down- 
stream "primers flanked by a linker sequence containing a BamHl 
restriction enzyme site and a T7 polymerase binding sequence 
5'-(gptcctaatacgactcactatagggag) : 3' 9. The TIMP-1 specific up- 
stream primers were 5'- acccaccatggccccctttg -3' for f!04 and 5'- 
(linker) - gcaggatggactetlgcaca -3' for fl06, and the downstream 
primers were 5'- linker- actcctcgctgeggttgtgg -3' for f!04 and 5' - 
(linker) - tatcrgggaccgcagggact -3'. for fl 06. PCR using the 2 fl 04 
primers of the 2 f 106 primers was done as previously described. 30 

The PCR products were purified by column chromatography 
using S-200HR microspin columns (Amersham Pharmacia Bio- 
tech, Itjcl, Piscatway, NJ), and their size' tested by agarose gel 
electrophoresis. Both migrated as —300 bp fragments in accor- 
dance with /the predicted size (322 and 282 bp, respectively). An 
ABI. PRISM 310 genetic analyzer was employed' for DNA se- 
quencing analysis and was performed according to the' manufac- 
turer's instructions (Perkin Elmer. Applied Biosystems, Foster. 
City, CA) using the primers specified above. The DNA sequences 
obtaiDed were confirmed by comparison with the specific T1MP-1 
cDNA nucleic acid sequence (GenBank NMJ003254). 

Plasmids containing human MMP-2 cDNA (pCol7201 , bp 647- 
1284) and human MMP-9 cDNA (pCol9202, bp 1751-2326) have 
been described elsewhere. 31 

In vitro transcription 

Antisense and sense ribopr^bes were labeled with 35 S UTP 
(NEN, Boston, MA) by in vitro iranscripiion using T7 and T3 
RNA polymerases (Roche, Basel, Switzerland). The DNA tem- 
plate was digested with DNase (Promega, Madison, WT). Nonin- 
corporated 3:> S UTP and DNA was removed by column chroma- 
tography using S-200HR microspin columns (Amersham 
Pharmacia Biotech, Inc., Piscatway, NJ). The 35 S activity was 
adjusted for every probe by dilution to 500,000 cpm/pJ. 

In situ hybridization 

In situ hybridization was performed essentially as described 
previously. 32 In brief, 3 pin paraffin sections were deparaffinized 
in xylene, hydrated with graded ethanol and boiled in a microwave 
oven for 10-12 min in 10 mM citrate buffer, pH 6.0. After 
additional 20 min at 100m . temperature, the sections were dehy- 
drated with graded ethanol and the j3 S labeled probes (2X 10 6 cpm 
in 20 u.1 hybridization mixture 5 ' per slide) incubated overnight at 
55°C in a humidified chamber. Sections were washed in Hellen- 
dahl chambers with SSC buffers containing 0.1% SDS and 10 mM 
DTJ~ at 150 rpm at 55°C using a Buhler incubation shakeT (Jo- 
hanna Otto GmbH, Hechingen. Germany) for 10 min in 2XSSC, 



10 min in 0.5 X SSC, and 10 min in 0.2XSSG Sections were then 
RNase A treated for 10 min to remove nonspecificaBy bound 
riboprobe. Subsequent wash' was performed in 0.2 X SSC as spec- 
ified above. Sections were dehydrated and soaked into an autora- 
diographic emukion (Dford), exposed for 5-7 days if not otherwise 
stated and finally developed- Sections were counterstained- with 
hematoxylin and eosin. 

* 

Immunoper oxidase staining 

Irnmunohistochemistry was performed essentially as described 
previously.^ 2 Five micrometer paraffin sections were deparaf- 
finized with xylene and hydrated through ethanol/water dilutions. 
Tissue pretreatment was performed with protease-K (5 pg/ml) 
digestion for 20 min. Sections were blocked for endogenous per- 
oxidase activity by treatment with 1% hydrogen peroxide for 
15 min. The sections were washed in 50 mM Tris 150 mM NaQ, 
pH 7.6, containing 0.5% Triton lX-100 (TBS-T). Incubation with 
-antibodies was d one overnight at 4°C. Sheep polyclonal antibodies 



(pAb) against TIMP-1 and nonirnmune goat IgG were used at a 
final concentration of 4j0 u_g/ml. Two monoclonal antibodies 
(MAb) against TTMP-1 p NM4 {clone rTDC6A, NeoMarkersv Fre- 
mont, CA) and CalB2 (clone 147-6DI1, CajBiohem, Oncogene 
Res. iProducts, Cambridge, MA), and a J^Ab against trinirxo- 
phcnyl (TOP)** were all incubated at 1.0 pg/rnl (all 3 MAbs are 
IgGl). CaTB2 MAb recognizes both free TIMP-1 and TTMP-1 
in complex with MMPs. 33 NM4 MAb only recognizes tree 
TEMP- 1. 33 According to the manufacturer's descriptions, bpth 
MAbs are raised using recombinant human TIMP-1. Thp sheep 
polyclonal antibodies were raised by immunization with TTMP-1 
purified from human dermal fibroblasts. The; IgG was obtained by 
triple precipitation using ammonium- sulfate and characterized by 
immunodifrusi on and rocket immunoelectrophoresis. 33 In admV 
tion, we have shown that the pA.b recognize both free and MMP- 
complexed TTMP-1. 36 Furthermore, the spedfidry of the antibod- 
ies was analyzed by Western blotting analysis against recombinant 
human TTMP-1 expressed in NSO mouse myeloma cells. Here, the 
antibody preparation recognizes a band of approximately 28 kDa 
in accordance* with the molecular weight of TTMP-1- To certify 
that the pAb recognize TTMP-1 in colon tumors, the antibodies 
were immobilized on a sepharose column. Total protein extracted' 
from 3 colon adenocarcinomas was passed through the column 5 
times and the bound and subsequently eluted protein analyzed in a 
Western blot using a TIMP-1 monoclonal antibody (MAC15). A 
single band of approximately 28 kDa was revealed in accordance 
with the molecular weight of TTMP-1 (results not shown). In 
irnmunohistochemistry, die sheep pAb were detected with biotin- 
ylated rabbi t-ami-goat IgG, which cross-react with sheep IgG 
(1:100, code E466, DakoCytomation) followed by horseradish 
peroxidase in complex with streptavidin (code K377, DakoCyto- 
mation). The MAbs were detected with the Envjsion-roouse re- 
agent (EnVision reagent, K4003, DakoCytoroation), followed by 
tyramine amplification, using biotinyl tyramine substrate as-spec- 
ified by the manufacturer (Nen, Boston, MA). Sections were 
developed with NoyaRed substrate as specified by the manufac- 
turer (Vector Laboratories, Burlingname, CA) for 15 min. Finally, 
sections were counterstained in Mayers haemal ox yliri, dehydrated 
in ethanol and mounted. 

Combined in situ hybridization apid immunohistochemisiry 

Double labeling by combining in situ hybridization and immu- 
nohistochemisiry on paraffin sections has been described previ- 
ously. 32 In brief, using MAb against a-sm-aciin (clone 1 A4) 
diluted 1:1000. against cytokeratin (clone AE1/AE3) diluted 
1:1000, or against CD68 (clone PGM1) diluted 1:200, sections 
were incubated for 2 hours at room temperature and then detected 
with anti-mouse-IgG/liorse radish peroxidase-conjugated polymers 
(Envision- mouse reagent, Da koCy torn a lion, Glostrup.. Denmark). 
Sections were developed with diaminobenzidine (DAB) for 
7-10 min, and immediately dehydrated for in situ hybridization, 
which was performed as described above using the antisense 
probes of f 104. Sections were conn tei stained with haernatoxyhn. 
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Results 

Analysis of TIM P- 1 probes and antibodies for in situ 
hybridization and immunohistochemistry 

Histopathologic*) diagnosis of prospectively collected speci- 
mens from 18 colorectal lesions revealed 16 colorectal adenocar- 
cinomas, 1 villous adenoma and 1 malignant lymphoma. ^S- 
labeied antisense and sense RN A probes were generated by in vitro 
^ascription from 2 nonoverlapping DNA sequences of the human 
TIMP-1 cDNA and tested by in situ hybridization on adjacent 
sectjcvos from 5 of the colorectal adenocarcinomas. The 2 antisense 
probes showed an identical hybridization pattern in all the 5 cases, 
located in the stromal compartment surrounding the invading 
cancer cells, while no specific signal was seen with the 2 sense 
probes (Fig. 1). To test whether the TIMP-1 mRNA was accom- 
panied by, TIMP-1 protein expression, imraiinohistochemistry was 
performed on 8 of the adenocarcinomas (including the 5 men- 
tioned above ) and the malignant lympho ma usin g sheep anti- 

human IIMl* 1 T^t.ml » -I — ^"7*- — * : " — — c — • 



rjuman ilMFl polycJpnal antibodies on "sections adjacent to 
TIMP-1 m situ hybridized sections. The TIMP-1 mRNA and 
immunoTeactiyity was observed in the same cells in all of the 9 
ca f. e ljf^ d , 2AX including the malignant lymphoma. The 
anti-TTMP-1 polyclonal antibodies did not react with other cell 
populations m all of 8 adenocarcinomas and the malignant lym- 
phoma apart from some normal and malignant epithelial cells that 
were weakly stained on the luminal apical surface. Two MAbs 
against TTMP-] (CalB2 and NM4) required strong signal amplifi- 
canon but showed a staining partem similar to that of the poly- 
clonal antibody preparation (Fig. 2B\ with the only exception that 
neither, of the 2 MAbs stained the luminal apical surface of the 
normal and mahgnant epithelium: No signal was obtained with 

x£ mmm Z nC S ° at or a MAb (° f sa me subclass as Calb2 and 
NM4) directed against the synthetic hapten trinitropheny) (TNP): 

HMP-J mRNA expression patterns in colon cancer 

Expression of TIMP-1 mRNA was then analyzed in the remain- 
ing 9 colorectal lesions by in siiu hybridization. TIMP-1 mRNA 
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expression was in all the cases of colon adenocarcinoma (including 
those mentioned above) highly expressed in stroma] fibroblast-IDce 
cells located at the invasive front (Fig. 3a,<i). TTMP-1 mRNA 
signal was also observed in fibroblast-lilce cells located in the 
tumor stroma towards the colonic mmeii in 8 of 10 cases where 

^ S ^ S f Ue ^ CtUrC WaS P rese " 1 < data 001 sh«>wn). No or little 
TIMP--1 mRNA was detected in the centra) part of the Carcinomas. 
In 5 vf the 16 colorectal adenocarcinomas, we observed TEMP-l 
mRNA signal in some fibroblast-like cells located around the 
muscle layer, of some arteries located in the submucosa distant 
from the cancer area. The normal colonic mucosa, irjcludm* the 
lamina propria that was present in all samples tested, was "eneralh) 
negative (Kg. 3M ..Only a. relatively weak TIMP-1 mRNA signal 
was detected in stroma] fibroblasi-like cells surrounding one or a 
very few normal crypts (Fig. 3c,/) in 3 out of 6 cases tested with 
extended exposure time (10 days vs. usually 5 days). In the villous 
adenoma, we saw only a few TIMP-1 mRNA positive cells asso- 
rted with fuc^Mammarion (data hot shown). In the malignant 
ryrrmhoma of the colon, TTMP-1 mRNA expressing fibroblast-like 
cells were, different from the adenocarcinomas, located in a dif- 
fuse pattern throughout the whole tumor. No.TMP-1 mRNA 
signal was observed in any of the 18 cases in the cancer cells 
smooth muscle cells or vascular cells. • ' ■ * 

Characterization Of 71MP-1, mRNA expressing cells 

To test whether the TIMP-1 mRNA positive fibroblast-HJce cells 
could be (myofibroblasts and/or macrophages, sections from 4 
colorectal adenocarcinomas and the malignant lymphoma were 
brst lmmunohistochemically stained with antibodies directed 
ag ^of;^ ^ dn * for delcct ">n of myofibroblast/srhooth muscle 
cells.(SMQ] or CD68 (for detection of macrophages) and subse- 
quently incubated with a TTMP-1 mRNA antisense probe In 
normal colon tissue, a-sm-actin is expressed by vascular smooth 
muscle cells, smooth muscle cells of lamina muscularis mucosae 
and tunica muscularis as well as pericrypta] myofibroblasts. 37 In 
colon tumors, a-sm-acrin is expressed by tumor-associated fibro- 
blast-like cells located throughout the tumor stroma, which are 
defined as myofibroblasts. No TIMP-1 mRNA was detected in any 
a-sm-actin positive smooth muscle cells, .including those of the 
vessels, the lamina muscularis mucosae and the tunica muscularis 
In addinon, no TIMP-1 mRNA was detected in the a-sm-actin 
positive pencryptal myofibroblasts of the lamina propria in any of - 
the .5 lesions. TIMP-1 mRNA signal was in contrast seen in 
a-sm-actin-positjve tumor associated myofibroblasts located at the 
invasive front of the colon cancers. In 3 of the adenocarcinomas, 
more than 80% of TIMP-1 iroRN A -positive cells located close to 
the invading cancer cells were a-sn>actin-posilive (Fig. 4). 
TTMP-1 mRNA positive fibroblast-liice cells located more distant 
from the invasive cancer cells, towards the submucosa, expressed 
little or no a-sm-actin. In 1 adenocarcinoma and in the malignant 
lymphoma approximately 50% of the TIMPl mRNA positive cells- 
expressed a-sm-actin. Thus, the TIMP-1 mRNA expressing cells 
eoDSDtule a subpopularion of tumor-associated myofibroblasts Jo- 
cated at the invasive front of the tumor. No TIMP-1 mRNA signal 
could be identified in any of the CD68-posibve cells (Fig. 4). 

Expression of TIMP-1 and MMP-2 arid 9 in colon cancer 

MMP-2 and MMP-9 are 2 rype TV co]] 3 o eMSes expressed in the 
mvasive cancer tissue of colorectal adenocarcinomas. Thus . 
MMP-2 has been reported to be expressed by fibroblast-Jike cells 
jn the cancer suoma.'^i 3n d MMP-9 by macrophages at the 
leading edge of the invasive cancer^ To direct compare the 
expression patterns of MMP-2 and MMP-9 with that of TJMP-1, 
adjacent sections from 5 colorectal adenocarcinomas were hybrid- 
ized with probes for TIMP-1, MMP-2 and MMP-9 niRNAs We 
found that the expression of TIMP-1 mRNA was localized char- 
act ens tically at the invasive front of the srowins tumor whereas 
the express»on of MMP-2 mRNA was most intense in the central 
areas, showing decreased expression fo wards Uie invasive front 
(Hg. do). MMP-9 mRNA expressing cells were found at the 
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Figure 2 ~Jn situ hybridization and immunohistocbemistry for T1MP- J in human colon cancer. (/!) Two. adjacent sections from a human colon 
adenocarcinoma were incubated with polyclonal antibodies against T1MP-I (a>c) arid a TIMP-1 mRNA antisensc probe {b). The HMP-1 
immunoreacrivity (red-brown color, arrows in a and c) and the TIMP-1 mRNA (silver grains, arrows in b) are identified in the same cells (arrows 
in o r b). Immwioperoxidase staining wiih the TIMP-1 pAb reveals the TIMP-l-positive cells as fibroblast-! ike cells (arrows in c) located in the 
stroma (St)- No TIMP-1 immunoreactivity is seen in cancer cells (Ca). a, b: bars = 50 p.m; c: bars =13 urn. (#) Four consecutive adjacent 
sections were incubated with CalB2 MAb ami- TIMP-J (a), NM4 MAb (b\ sheep ami TIMP-1 pAb (c) or mouse anti TNP id). The 3 MAbs 
were detected with Envision reagent followed by TS amplification and the sheep pAb with biotinylated rabbit anti-goal followed by 
HRP- conjugated sueptavidin (see Material and methods). The 3 TIMP-1 antibodies react with the same cells (arrows). No imrounore activity is 
seen when the sections are incubated with anti-TNP. 



invasive front like those expressing TIMP-1 mRNA but with a 
distinctly different distribution. Foci with high expression of 
.TIMP-J mRNA were not accompanied with increased expression 
of MMP-9 mRNA and vice-versa (Fig. 5b). Thus, TIMP-1 mRNA 
expression is not coregulmed with MMP-2 or MMP-9 mRNA 
expression. 

TIMP-J in adenomas and Dukes' stage A carcinomas 

TIMP-1 antigen can readily.be measured in blood and we have 
previously reported ihat levels of T1MP- 1 in blood ore sisnificamlv 



elevated in colorectal cancer patients compared to healthy donors 
and that high plasma TIMP-1 levels are associated with short 
survival of colorectal cancer patients. 3 '-"* TIMP-I has therefore 
been suggested to be a novel marker for detection of early stage 
colorectal cancer and for prognostic strati ficatiori- of colorectal 
cancer patients.- 1 39 These findings, together with the characteristic 
expression pattern of TIMP-J at the invasive front of virtually all 
ihe colon cancers nnd.the absence or minute TIMP-1 expression in 
normal and benign colon jmucosa. prompted the evaluation of 
TIMP-1 expression as a marker for early invasive colon cancer. 
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1 6 C T P r d T1MP • , mRNA «P««i».in an oddi- 
Z , i rl?' f denon,a,0 « P°>yPS with the expression in on 
Dddmonp. 8 Dofces' s, 3 oe A coloreca] adenocarcinL^. 71MP-" 

Di*es s age A carcinomas showed TIMP- 1 mRNA sis™, a , lhe 

TIMP- 1 mRNA expression was confined lo a singje focus in ' 

Fig. 6). Hovever. h.s.oloo.ca! analysis of addi.ionaf sections from 
b. » sample clearly revealed disruption of the d y sp]as.ic epi^ u" 
n the same area ln lbe other TIMP- 1 mRNA positive adenoma 
sess,le type), a few T1MP-1 mRNA e^pressin- fibroblasts were 



<h J f r ' a " °" he 9 JDukes ' s,a S e A catcinomas analyzed 

showed TTMP-1 mRNA expression in myofibroblasts located a. 
the mvas.ve from of ibe rumors, whereas expression was detected 
in only 3 of 7 adenomas, and in these was seen in fibroblast-Iike 
cells assocated w„h focal inflammation at the epithelial-slromal 
interlace m 2 of the cases and with arteries in the snbmucosa in I 
case. 



Dis cuss i o^i 

Our study was undertaken ro clnr.fv the expression and cellular 
location pj the MMP inhibiior TJMP-J in human colon nde- 
nocarcuiomos. Our siydjes were foimded on ,he use of 2 specific 
annsense RNA probes derived from 2 non'ov C r)appin« TIMP- ] 
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Figure 5 - In situ hybridization for 77MP- ] , MMPr2 and MMP-9 in 
human colon cancer. (/I) Adjacent sections were incubated with probes 
specific for TTMP-1 mRNA (a t c) and MMP-2 mRNA (M), respec- 
tively, and is shown in brigbtfield {a,b) and darkfield illumination 
(c.d). The TTMP- j mRNA signal increases towards the submucosa 
(Sm) whereas the MMP-2 mRNA signal decreases and is most intense 
in the centra) areas (Ca). (J?) Adjacent sections were incubated with 
probes specific for TTMP-1 mRNA (a,c) and MMP-9 mRNA (b,d) y 
respectively, and is here shown in brighlfieJd (o.b) and darkfield 
illumination (c,d). Both the TIMP-1 mRNA signal and the MMP-9 
mRNA signal are most intense at the invasive fiont towards the 
submucosa (Sm), but their expression paitems are quite different, with 
MMP-9 showing the most restricted expression. Bars = 100 u.m. 

cDNA fragments and specific pAb and MAbs against human 
TTMP-1. The TIMP-1 mRNA signal in all colorectal adenocarci- 
nomas investigated was seen in fibroblast-like cells located in the 
tumor periphery. An identical hybridization partem was observed 
with the 2 antisense TJMP-1 probejs and application of comple- 
ment ary sense probes on neighboring tissue sections as negative 
controls did not result -in any hybridization signal; therefore, we 
conclude that the hybridization signal generated with the antisense 
probes represents the genuine TTMP- 1 mRNA. T1MF-I immnno- 
rcaciivity was also distinctly located in fibroblast-likc stromal cells 
•n,.' .he _ tumor periphery, and these cells were identified to be the 
same cells as the TTMP- 1 mRNA expressing cells. A preparation 



of sheep pAb against human TTMP:-) 33 and 2 well-characterized 
MAbs stained the very same cells in the tumor stroma. Weak 
staining of the apical surface of soine normal and malignant 
epithelial cells was observed with the pAb in some tjf the samples; 
No staining was obtained when the:Janti-XIMP:l antibodies were 
substituted with nonimmune goat serum or anti-TNP MAb incu- 
bated at the saine concentrations. These iinmunoWstcxiiemical 
nndings stronjgly suggest that the- JIMP- 1 antigen detected in the 
fibroblast-like cells represents the genuine HMP-1 protein. 

In our study, we found TTMP-1 mRNA expression in stromal 
fibroblast-like cells located in the tumor periphery in all colorectal 
adenocarcinomas tested, whereas no expression was detected in ■ 
the. cancer cells in. any -of the cases tested.* This rinding is in 
agreement with studies by Zeng and colleagues» ,2J0 but is partly m 
disagreement with findings by Newell and colleagues, 17 In addi- 
tion to TTMP-1 mRNA signal in filwoblast-like cells in the tumor 

-^Kiiribeis^ detected a weak* TTMP-1 

mRNA signal, in both benign and malignaft epithelial cells. 27 This 
observation was, however, based on the use of probes: from a 
single TTMP-1 cJDNA subclone and-no adtjitional ccmtrols- to verify 
the expression pattern. - Hie difference between' our results and 
those of Newell and colleagues may be explained by methodolog- 
ical differences, since the procedure employed by Newell and 
colleagues was in several steps different from the one used in the 
present study, &g. t Newell and colleagues used ^-labeled probes, 
whereas we used 35 S -Jabeled probes. It is in this context notewor- 
thy that in order to look for a low expression level of TIMP-1 
mRNA, we performed in situ hybridization experiments with pro- 
longed exposure time (10 days vs. usually 5 days) with both' our 
TTMP-1 antisense probes and both TTMP-1 sense probes, but with 
this challenge we did not detect any TTMP-1 mRNA in any 

. epithelial cells. It cannot be excluded though that the TTMP-1 
mRNA is expressed in epithelial cells below the detection limit of 
our in situ hybridization procedure. 

. An interesting observation in pur study was the characteristic 
intense TTMP-1 mRNA and protein expression in the tumor pe- 
riphery of all colon adenocarcinomas, while little or no expression 
was seen in the center of the c^cinomas. Only in the colorectal 
lymphoma did we find TTMP-1 mRNA and protein expression in 
fibroblast-like cells located .throughout the tumor tissue. The 
TTMP-1 expression pattern in the colon adenocarcinomas is in 
contrast to the expression pattern reported by Hewitt and col- 
leagues, 19 who found that the TTMP-1 staining in most colorectal 
adenocarcinomas was equally intense in fibroblasts throughout the 
tumors and that some of the cases even showed decreased TTMP-1 
signal intensity towards the tumor periphery. This difference may 
be explained by possible cross-reactivity of the polyclonal anti- 
bodies employed by Hewitt and colleagues or that Hewitt and 
colleagues employed cryostat sections, while we analyzed paraffin 
sections. - 

The T1MP-J expressing cells had a fibroblast-like morphology 
and using combined in situ hybridization for TTMP-1 mRNA and 
immunohistochemistry for a-srh-actin, we found that many, gen- 
erally more than 50%, of the TTMP-1 rnRNA positive cells coex- 
pressed or-sm-aclin. According to the cellular morphology of the 
TTMP-1 expressing cells and their localization in the invasive 
front, we could conclude that the cells were myofibroblasts and not 
smooth muscle cells. 

The myofibroblast is a cell type present in the normal colon 
mucosa, that originally was described as a pericryptal fibro- 
blast 37 1,0 and later was identified with antibodies against o>sm- 
actin. 37 hi the lamina propria, the myofibroblasts form a continu-. 
ous cell layer just below the intestinal epithelium. The pericryp ta l 
myofibroblasts are phenotypically different from ihe neighboring 
quiescent interstitial fibroblasts that do not express markers of 
smooth muscle cells/ ' During early steps of colonic tumori genesis 
the number of myofibroblasts is significantly increased. 1 ** The 
TT MP-1 expressing myofibroblasts may be generated after activa- 
tion of the. pericryptal myofibroblasts and/or the quiescent inter- 
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sbtial fibroblasts. Adegboyega and colleagues 4 * hypothesized thai 
the- mmor-assodated myofibroblasts originate from the quiescent 
interstitial fibroblasts of the lamina propria, rather than from peri- 
cryptal myofibroblast or smooth muscle cells, which may help to 
explain why we found some of the TIMP-1 mRNA expressino 
fibroblast-hke cells a-sm-acrin-positive and some a.sm-actin-ne°- 
anve. ° 

Several MMPs including MMP-2, MMP-II and MMP-14 are 
expressed by fibroblast-like cells in human colon cancer nsi^ 
some of which may indeed be myofibroblasts. The role of the (mvo-> 
fibroblasts in colon cancer progression is not known. Since TIMP-1 in 
human colon cancer appears only to be expressed by fibroblasi-like 
cells most of which are myofibroblasts; and since high 7TMP- 1 levels 
measured m blood or rumor extracts from colon cancer patients are 
strongly associated with a poor prognosis,^'^ it could be argued 
that ihe TIMP-1 expressing myofibroblasts play a turna-promoon* 
role^ lmmunohistocheniical localization studies of proteins involved 
in the actuation and regulation of the efficient serine protease plas- 
minogen, including urokinase plasminogen activator (uPA) and its 
specific inhibitor PA1-1 show that both are mainly expressed by 
myofibroblasts in human breast cancer.^ Hish levels of uPA and 

« aTC 5tT ^ — V COrTdaIed Poor prognosis in breast can- 
cer, '• supporting the assumption that the myofibroblast express a 
promoting role m cancer invasion. We recently reported .hat me 
predominant PA1- 1 expressing cell in human colorectal cancer aho is 
the myofibroblast,^ and earlier studies indicated that elevated levels 

™r ™ CoIon C3nCCT P 31 '?™ 5 associated with poor proono- 
s.s.- Together these findings indicate that myofibroblasts are siroW 
coninbuhng to the expression of proteins involved in the re<>ulai.onVl 
extracellular matrix degrading proteases that facilitate cancer invasion 
and metastasis. 

A panicUaily interesting fi ndir) o D f the piesent study was the 
absence of T1MP-] mRNA in 4 of 7 adenomas, whereas in all of 

L ki CS V? Se A Caj cinomas the T1MP- J mRNA was expressed m 
fibroblast- bke cells along the invasive from. In the 2 ben™ lesions 
.n which the TIMP-1 mRNA was seen in the adenoma" area the" 



TIMP-1 mRNA positive cells were confined to a single focus with 
locally increased inflammation related to the dysplastic epithelium. 
Evident disruption of the dysplastic epithelium was observed in the 
adenoma with most intense TIMP-1 mRNA signal. Intestinal in- 
flammation may be caused by disruption of the mucous epithelium 
that leads to focal leakage of mucinous colon material into the 
lamina propria. Increased intestinal permeability is a common 
deficiency in Crohn's disease and interestingly TIMP-1 mRNA 
was found in the intestinal granulation tissue of Crohn's disease 50 
and is expressed by myofibroblasts isolated from Crohn's dis- 
ease. 51 Induction of TIMP-1 in myofibroblasts in a benign or 
preinvasive tumor may also be a response to locally increased 
MMP activity or a response to the presence of a specific MMP in 
the local microenvironrnent. MMP-2 and MMP-9 mRNA expres- 
sion, however, did not appear to be cpre«ulated with TLMP-1 
mRNA expression in the colorectal adenocarcinomas. Specific 
MMPs may indeed be involved in the transition of noninvasive to 
invasive disease; in studies of preinvasive lesions (ductal carcino- 
mas in situ) of the human breast we recently reported that MMP-13 
is specifically expressed in myofibroblasts associated with micro- 
invasive events. 3 - Future studies may clarify whether TIMP-1 
expression in colorectal adenomas is conelated with expression of 
specific MMPs. cytokines and/or growth factors, such as TGF-0) 
and TGF-P251, and whether TIMP-1 cr.n be used as a histopatho- 
logic a) marker for malignancy in colorectal tumors. 
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Dengue hemorrfmgic fever and dengue shock syndrome (DHF/DSS) are severe 
pivotal role in the regulation of hemostasis, we studied the effiw nf m/ ; r , 
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Neu oncogene expression in ovarian tumors: a quantitative study. 

Department of Pathology, Tufts University School of Medicine, Massachusetts. 

Z^^T^ ^T^ Sl0t b,0t «* P rotein P"*"* expression by 

2S Wn "nm^olustocheraistry in 57 primary and metastatic ovarii * 
neoplasms, two paraovarian leiomyosarcomas, and eight normal ovaries Some 61 •/ nf 

eSfl ft <u ■ f 6 0V8nan tUnMMS ^expressed neu were of 
SleS„W^ ? ovarian tumors had significantly higher amounts of theneu 
oncogene product as determined by capture ELISA than either germ cell and stromal 

■&%^T kBa, - ta, - flMaa02?) - ^^^typesTovt^T^cmZas 

ELBA endometrioid tumors had the highest, and poorly differentiated carcinomaTnnf 
otherwise specified had the lowest (p less than 0.025). ELISA vdues nu^^T 
overexpression, and immunohistochemical staining intensity did not correlate with sta^e 

mere fa a L^' u '° measure ^ ne « oncogene protein product and tL 
inS h fr COnre ' a r t,on betw <*n ELISA levels and immunohistochemical staining 

as srss^r 10 " did not ^ with stage ° r ~ 
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Real-time quantitative RT-PCR of cyclin Dl mRNA in mantle cell 
lymphoma:.comparisou with FISH and immunoliistochemistiy. 

HuiP, HovygJG, Crouch J, Nimmakavalu Ivf . Qumsiveh MB. TaWini Q jflynn sn 
Smith BR . ' — ' 

Department of Laboratory Medicine, Yale University School of Medicine 333 Cedar 
Street, P.O. Box 208035, New Haven, CT 06520-8035 USA. ' 

Presence of the balanced translocation t(l 1 ;l4)(ql 3;q32) and the consequent 
overexpression of cyclin Dl found in mantle cell lymphoma (MCL) has been shown to be 
of important diagnostic value. Although many molecular and immunohistochemical 
approaches have been applied to analyze cyclin Dl status, correlative studies to compare 
different methods for the diagnosis of MCL are lacking. In this study, we examined 39 
archived paraffin specimens from patients diagnosed with a variety of 
lymphoproliferative diseases including nine cases meeting morphologic and 
immunophenotypic criteria for MCL by: (1) real-time quantitative RT-PCR to evaluate 
cyclin D 1 mRNA expression; (2) dual fluorescence in situ hybridization (FISH) to 
evaluate the t(ll;14) translocation in interphase nuclei; and (3) tissue array 
irnmunohistochemistry to evaluate the cyclin Dl protein level. Among the nine cases of 
possible MCL, seven cases showed overexpression of cyclin Dl mRNA (cyclin Dl 

nS V r^° L) tW0 03868 Sh0wed no cyclin Dl rnRNA increase (cyclin Dl negative 
MCL-like"). In six of seven cyclin D I positive cases; the t(l 1,14) translocation was 
demonstrated by FISH analysis; in one Case FISH was unsuccessful. Six of the seven 
cyclin Dl mRNA overexpressing cases showed increased cyclin Dl protein on tissue 
array imraunohistochemistry; one was technically suboptimal. Among the two cyclin D 1 
negative MCL-like cases, FISH confirmed the absence of the t(ll; 14) translocation in 
both cases. All other lymphoproliferative diseases studied were found to have low or no 
cychn D 1 mRNA expression and were easily distinguishable from the cyclin D I 
overexpressing MCLs by all three techniques. In addition, to confirming the need to 
assess cychn Dl status, as well as, morphology and immunophenotyping to establish the 
diagnosis of MCL, this study demonstrates good correlation and comparability between 
measure of cyclin D 1 mRNA, the 1 1 ; 1 4 translocation and cyclin D 1 protein. 
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acSt f t0p0i l° merase 1 messenger RNA, protein, aad catalytic 
act«y,ty n human tumors: demonstration of tumor-type specificity and 
implications for cancer chemotherapy. "iciryana 
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Topoisomerase I has been identified as an intracellular target of camptothecin anient 

cells to tins drug is directly related to the topoisomerase I content. In humans the level, 
°^ p ^ 1S0mera ? e f^ 6611 saown to be elevated in colorectal tumore ^mparedlo 
normal colon mucosa. The aim of our study was to determine whether (aSSomLe 

■^f> ^ (C) thC mCTeaSe m ^^merase I levels fn colorectal harno^r 
result of mcreased transcnption or translation. Topoisomerase I levels were qZtitSi in 

cTunte^S ^ r 1 ^' Pr0StatC » md their mlSrlT " 

counterparts by Western blottuig and by direct determination of catalytic activihTTd 

Son mucoid fait™, r?/ 11 t0pOISOmefase 1 * evels . ^Pared to their normal 
wLT . f pr0State tUmore ' the incrcase was 2-10-fold compared with 

oSSi ZT sta 1 fT- fr T ^ same patients - However > - <S5S^ 

coSarT 7 dS m tUm ° n5 ' com P« d t0 ^al 

counteparts. The catalyt.c actmty of topoisomerase I was determined by a quantitative 

32P-transfer assay in crude homogenates, without isolating nuclei. CoiXd 
prostate fcmors exhibited 1 1-40- and 4-26-fold increases, Lpectivet TJxzMc 
acuity. However, kidney tumors did not show any alteration'* catal* c a«i vg 

good correlation between enzyme levels and catalytic activity. Finally colorectal tumors 
were analyzed for steady state mRNA levels. A 2-33-fold urease in^A levels waT 
found in colorectal tumors, compared to normal colon mucosa. TheseSs au~L: 
alterations m topoisomerase I expression in humans are tumor type JSSc aSEjf 
ncrease m topoisomerase I levels results from either increased franscrxpt on of the 
topoisomerase I gene or increased mRNA stability. »P«onorine 

PMID: 8275492 [PubMed - indexed for MEDLINE] 
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Inimunohistochemistry aiSZS^^'S?" * the ? u *°<«e of patients. METHODS: 
in 43 archival species of^^^^^^/ 1 ^^ the expression of pKi-67 
, were not treated with neo-adjuvanf^^ 

labeling index of 31.3% (ranee W 3*6 JyVT? S We n detc ™"<* a median pBCi-67 (MIB-I) 
range 0.01-0.69); "dices^ }) 

associated with a significantly ftvoc^^S^K^,^^^ Va,UCS W * re 
correlated to prognostic outcome A muhiv^T . p ? f 7 labe,,n g Ind »ces were not 
indicated that tumor «^3S^^^ ° 8nd bi0,0gicaI facfore 

prognostic factors. CONCLUSION^ ^ 

«ew prognostic indicator fpr S^tt^S^ 7 ^ ^ * ^ ^ 
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Modulation of glucagon receptor expression and response in trausfecced 
human embryonic kidney cells. 

fkcR anti T , Cvpess AM Bouscarel B 

Departnent of Medicine, George Washington University Medical Center, Washington 
District of Columbia 20037, USA. ^mugion, 

^lT^H ti0n . 0f g ' MCag f n rCCeptor (GR) ex P ressi °n and biological response was 
Zr f ^ "!^an embryonic kidney cell (HEK-293) clones permanently expressing 

,n .T?^ n ? dCnSlti ■ S - ^ GR mRNA ^ssion level in these clones waT 
upregu ated by cellular cAMP accumulation and presented a good correlation wim both 
&e protem expression level and the maximum number of glucagon binding sirl 

"veXT^^ CAMP accumul ^n " ^ese cell lines 

revealed that the enhancement of receptor expression did not lead to a proportional 

mcreasemcAMP formation. Under these conditions, the maximum cAMP proaC ion 

induced by NaF and forskolin was not significantly different among selected clonS 

tit «8h receptor-expressing clones showSthe 

greatest susceptib.hty for agonist-induced desensitization compared with clones with 

eTruu ^on e c P R reSS ^ reSUUS ° fthe prCSent SU ^ est ** * e can 
recruit non-GR-spec,fic desens.nzat.on mechanism(s). Furthermore, the partial inhibition 

or alteration of the overall cAMP synthesis pathway at the receptor ievel may be a 
JSSffl W StCP 3 06,1 in reSPOnSe t ° 3 maSSiVC incre *« in — bLe receptor 
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Developmental regulation of acidic fibroblast growth factor (aFGF) 
expression in bovine retina. 

JacguejninE, J^tJL, OUverJL, BugraK, LaurentM, CourtoisY, JeannvJC . 
Unite de Recherches Gerontologiques, U: 1 1 8 INSERM, Paris, France. 

varielvo^ 

SIS 5? I '"i 85 differe «^on and survival. It has 

been punned from bovine retina. The present study was carried out to detect which cells 
m the bovine rehna expressed aFGF at the different stages of embryonic and obsSa^ 
development The specific aFGF mRNA and protein wL detect Jb^S^ ^ 
hybndizabon employing riboprobes and immunocytochemistry using affinity purified 
polyclonal human recombinant aFGF antibodies respectively^ signal Twas d^bv 
3££?T ^ m ° nthS aod ^ — ProgrJsive exp^ s iolf1 FG t * 

nude ^ m0iP ° g n 6818 1** nstimL ^ m0nths <* ^bryonic development, 
nude, of the 3 neuronal layers (ganglion cell layer, inner and outer nuclear layere) were 
all un,formly and intensely labeled. A slight labeting of the pigmented epithehum of fte 

SST^-fv 0 T ble <IWW * 0Qt deveI °P meat ^ maturatlorTbese its shewed T 
good correlation between message and protein expression in these cell types In c^rat 

£S "/^ fib6r ^ 8,1(1 V3SCUlar endotheIial <^IIs displayJa nucleTr 

nnmunostaimng for the protein in the absence of message. These data suggest that aFGF 

mSa^sms m ** S ° fretinal differ ^ation by autocrine and parTcrine 
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The p21(Cipl) protein, a cyclin inhibitor, regulates the levels and the 
intracellular localization of CDC25A in mice regenerating livers. 

Jaime M, Pujol MJ , Serratosa X Pantoja C. Canela N. Casanovas Q. Serrano M 
AgcU N. Bachs O . ~ 9 

Department of Cell Biology and Pathology, Faculty of Medicine, Institut d'Investigacions 
Biomediques August Pi Sunyer (IDIBAPS), University of Barcelona, Barcelona, Spain. 

Liver cells from p2i(Cipl-/-) mice subjected to partial hepatectomy (PH) progress into 
DNA synthesis faster than those from wild-type mice. These cells also show a premature 
induction of cyclin E/cycIin-dependent kinase (CDK) 2 activity. We studied the 
mechanisms whereby cells lacking p21 (Cipl) showed a premature induction of this 
activity. Whereas the levels of CDK2, cyclin E, and p27(Kipl) were similar in both wild- 
type and p2 1 (Cipl-/-) mice, those of the activator CDC25A were much higher in 
p21(Cipl-/-) quiescent and regenerating livers than in wild-type animals; Moreover, 
p2l(Cipl-/-) cells also showed a premature translocation of CDC25A from cytoplasm 
into the nucleus. The ectopic expression of p21(Cipl) into mice embryo fibroblasts from 
p2l(Gipl~/-) mice decreased the levels of CDC25A and delayed its nuclear translocation. 
-The levels of CDC25A messenger RNA in p2l(Cipl-/-) cells were higher than in wild- 
type cells* suggesting that this increase might be responsible, at least in part, for the high 
levels of CDC25A jprotein in these cells. Thus, the results reported here indicate that . 
p2l(Cipl) regulates the levels and the intracellular localization of CDC25A^ We also 
found a good correlation between CDC25A nuclear translocation and cyclin E/CDK2 
activation. In conclusion, premature translocation of CDC25 A to the nucleus might be 
involved in the advanced induction of cyclin E/CDK2 activity and DNA replication in 
cells from animals lacking p21 (Cipl). 

PMID; 11981756 [PubMed - indexed for MEDLrNE] 
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Alteration of frizzled expression iu reual ceU carcinoma. 
Jansscns N , Andrjes L, Janicot IVf Pftrgrgjr n^Mr^j^ 

Department of Biochemistry, University of Antwerp, Wilrijk, Belrium 
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To evaluate the involvement of frizzled receptors (Fzds) in oncogenesis we investigated 

22L < 3T m dS ^ KUman FzdS ^ BW « 30 differenrTumTSr 

2^^^^^^™?^ n ° mal tisSuesam P>«. "sing real-time 

8 o?n r^!l , WC T 1 *° ,evel of Fzd5 was leased in 

8 of 1 1 renal carcinoma samples whilst FzdS mRNA was increased in 7 of 1 1 renal 

SSZ^ WeS . tem u bl0t of «™Ie membrane fractions revealed that 

oS mRMA Sf- tu «« ft »™» ^ ^ples correlated with the 

fte !nll^ Wnt/beta^tenin signaling pathway activation was confirmed by 

the mcreased expression of a setof target genes. Using a kidney tumor tissue array Fatf 

mi, T 10n ^ T ^ in a br ° ader of samples. F^d5 

SrrelaZtT 8 7** ^ft* 3 ° % ° f dear 0611 <-™i and there was a sfcong 
eZt ion oTctZ T ^ St T" g , iU ^ Sam P ,eS - 0ur ^ suggested that altered 

r berS °, f * e Fzd famiIy ' 311(1 their downstream targets, could 
provide alternate mechanisms leading to activation of the Wnt signaling pathway in 
renal carcnogenesis. Fzd family members may have a role as a biomarker 
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Abstract 

To evaluate the involvement of frizzled receptors (Fzds) 
in oncogenesis, we Investigated mRNA expression lev- 
els of severaf human Fzds in more than 30 differ- 
ent human tumor samples and their corresponding 
(matched) normal tissue samples,. using real-time quan- 
titative PCR. We observed that the mRNA level of Fzd5 
was markedly increased in 8 of 1 1 renal carcinoma sam- 
ples whilst Fzd8 mRNA was increased in 7 of 11 renal 
carcinoma samples. Western blot analysis of crude 
membrane fractions revealed that Fzd5 protein expres- 
sion in the'matched tunior/nprmal kidney samples corre- 
lated with ihe observed mRNA level. Wnt/p-catenin sig-. 
noling pathway activation was confirmed by the in- 
creased expression of a set of target genes. Using a kid- 
ney tumor tissue array, Fzd5 protein expression was 
investigated in a broader panel of kidney tumor samples. 
F2d5 membrane staining was detected in 30% of clear 
cell carcinomas, and there was a strong correlation with 
nuclear cyclin Dl staining in Ihe samples. Our data sug- 
gested that altered expression of certain members of the 



Fzd family, and their downstream targets, could provide 
alternative mechanisms leading to activation of the yVnt 
signaling pathway in renal carcinogenesis. Fzd family 
members may have a role as a biomarker. 

■ ~~ Ccffyri9M©2©04 S-Karyrf AG,B»5«f 



Introduction 

The Wnt signaling pathway is evolutionary conserved 
and controls many events during embryonic develop- 
ment. Members of the Wnt gene family of secreted glyco- 
proteins are involved in embryonic induction, generation 
of cell polarity, cell proliferation and the determination of 
cell fate [I, 2J. Recently, it has become evident that the 
Wnt pathway is also deregulated in a range of tumors [3J. 

The Wnt signaling pathway is activated when Wnt pro- 
teins bind to a cell surface receptor complex consisting of 
a member of the frizzled receptor (Fzd) family and either 
low-density-Iipoprolein receptor- related protein (LRP)5 
or LRP6 [4, 5], A detailed characterization of the Fzds, 
and the immediate downstream events afler Wnt binding 
has been hampered by the lack of pure biologically active 
Wnls. 

Downstream of ihe receptor complex, three pathways 
may be initialed, depending on the composition of the 
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ligand and receptor complex The "Wnt/fMratenin path- 
way', the * Wnt/Ca 2+ pathway* or the *Wm polarity path- 
way* [6]. The Writ/0-catenin pathway has been linked to 
carcinogenesis. Genetic alterations in components of this 
pathway (adenomatous polyposis coli, APC, axin and j$- 
. cat en in) can result in the accumulation of non-phosphory- 
lated 0-catenin [3, 7] and this can promote carcinogenesis. 
Conversely, neither the Wnt/Ca 2 * pathway nor the Wm 
polarity pathway involves the activation of 0-catenin [for 
review, see ref. 1,6). 

Mutations in one of the three regulatory genes (APC, 
p-catenin and axih), overexpression of Wnts and Fzds or 
the expression of a constitutively active Fzd have been 
. linked to Wnt/P-catenin pathway activation in various 
. . tumors [8, 9], 

To evaluate the involvement of Fzds in oncogenesis, 
we investigated mRNA expression levels of several hu- 
man F2ds.(Fzd2, 3, 5, 6, 7, 8 and 9) in more than 30dijTer> 
ent human tumor samples using real-time quantitative 
PCR. Each sample was compared with its corresppnding 
(matched) normal tissue sample. The most striking obser- 
vation was the dramatically increased Fzd5 and Fzd8 
mRNA expression seen in the renal carcinoma samples. 
This was confirmed at the protein level using Western 
blotting. Kidney tumor tissue arrays confirmed Fzd5 
membrane staining in 30% of clear celJ carcinomas, with 
nuclear cyclin Dl showing a strong correlation with the 
F2d5 membrane labeling. Fzd8 protein expression analy- 
sis was not performed due to the lack of suitable reagents. 
These data suggest that Fzd5 may have a role in renal cell 
carcinogenesis due to its frequent overexpression ob- 
served in these tumor samples. Potential future applica- 
tions could include uses in tumor targeting or as a poten- 
tial biomarker. 



Materials and Methods 

Tisn'te Samples 

Fro2cn tumor tissue szmptes with corresponding normal tissue 
from the same patient were derived eitbei from human biopsy, or 
autopsy material (Department or Pathology, University of Antwerp, 
kindly provided by Prof. E. Van Marck). Tissue specimens were 
snap-frozen in liquid nitrogen and kept at -80*C until use. Frozen 
sections of kidney tumor and normal tissue samples were stained 
with hcmatoxylin-eosin to support the pathologist's observations and 
to confirm the type of kidney tumor. Paraffin-embedded tissue slides 
of renal carcinoma, lung carcinoma, breast and colon carcinoma 
were obtained, after encryption, from the Department of Pathology 
(Middclheim Hospital. Antwerp. Belgium). The CL1 human kidney 
cancer (Su perBioChips Laboratories) tissue array used in this study 
contained 59 tissue samples consisting of 9 normal kidney tissues. 



30 clear cell renal carcinoma samples and another 20 renal celt tumor 
types (chromophil, chromophobe, papillary type, collecting duel car- 
cinoma and samples with mixed types). 

RNA Isolation and Reverse Transcription 
Total RNA was extracted from tissue specimens using Ultraspec 
Reagent (Biotecx. USA) according to the manufacturers instruc- 
tions. All total RNA was routinely treated with DNase (DNA-free kit, 
Ambion, USA). 1 ug of total RNA was used to synthesize cDNA 
using oJigo-dT primers (Superscript; Jnvitrogcn, Merelbeke* Bel- 
gium), Reverse transcription was performed at 42 *C for 60 min, fol- 
lowed by 70* C for 1 0 min. 

Real-Time PCR. 

Real-time PCR was performed on either an AB1 Prism 7700 or 
7900 Sequence detection system (Perkin-Bmer Applied Biosystems, 
Foster City, Calif., USA) using ihe 5' nuclease assay (Taqman™V : 
Primer and probe sequences were designed using Primer Express (PE 
Applied Biosystems) and are shown in table I. Quantitative values, 
were obtained from the threshold cycle number (Ct) at which the . 
increase in the signal associated with exponential growth of PCR 
products is detected using PE Biosystems analysis software, accord- 
ing to the manufacturer's instruct ions. - v 

We have used the 2' * AO method to analyze the relative changes 
in gene expression of the different genes between tumor and corre- 
sponding normal tissue samples. We used the mitochondrial ATP 
synthase 6 (ATPsy6) as the endogenous RNA control \ 1 0; Janssens el 
a!., in prep.}, and each sample was normalized to its ATPsy6 content 
The relative expression of the target gene was also normalized to the 

- corresponding norma) tissue sample (calibrator). Results, expressed . 
as the amount of target sample relative to the ATPsy6 gene and the 

- calibrator, were determined as follows, N =■ 2~ t&CtSim ***~ AO«m«u>rt 
where the AO values of the sample and calibrator were determined 
by subtracting the average .Ct value of the sample and the calibrator . 
from the average Cl value of ibe ATPsy6 gene. Amplification Was 
done essentially as described previously f 1 0J. Briefly, 50 ul of reac- 
tion mixture containing 1 pi of cDNA template were amplified as 
follows; incubation at 50*C for 2 roin, denaturation at 95 W C for 
10 min, and 30 cycles at 95 9 C for 15 s and 60*C for r roin. 

Membrane Preparation. Gel Electrophoresis and Jmrnvnoblotting 
Tissue samples were weighed, suspended at a 40 times dilution 
[= 40 volumes/original wet weight of tissue (Ww)J in 50 nW Tris- 
HCI buffer. pH 7.4, and homogenized with an Ultra-Turrax homoge- 
nizes After centrifugal ion for 1 0 min, 24,000$ at 4*C, the pellet was 
washed three times by resuspension in the Tris-HCl buffer followed - 
by cenlrifugation. The final membrane pellets were stored at -80° C 
in the Tris-HO buffer at a concentration of 0.5-1 mg/mL The Brad- 
ford protein assay (Pierce, Aatst, Belgium) was used for protein deter- 
mination. Proteins (50 ug) were separated. by 8% SDS-PACB and 
transferred to nitrocellulose membranes. After primary and second- 
ary antibody incubation, the antigen-antibody- peroxidase complex 
was detected by cherhiluminescence (Pierce, Aalst, Belgium) accord- 
ing to the manufacturer's instrjciions. 

Immunohisiochemistry 

Jmmunohistochemistry was performed on lf>pA/-ihiek cryosec- 
tions of unfixed tumor tissue and on 6-pAAthick paraffin 'sections 
from renal tumor tissue fixed by formalin or by an alcohol-based fixa- 
tive. Adjacent tissue blocks from renal tumors were processed with 
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Table 1. ReaMime PCR primer and probe sequences 



Target cDNA 


[ Primer/probe sequences* 


Fragment 
position 6 


Accession 
No* 


FZD2 


(a) 5'-atcccgtgcccggc-3' 

(b) 5'-gtatttgalC3igtagaccgtgaagic-3' 

(c) 5'-FAM-lacacgccgcgcatgtcgc-TAM RA-3' 


1,548-1,613 


AB017364 

» 


FZD3 


1 — j — .. — i . — — — . 

(a) $'-tcacgcca£tecatggg-3' 

(b) 5Mtgicaccltc3aiUtalicatcg-3' 

(c) 5"-FAM-caiccccggaactctaaccaicatcciitt-TAMRA-3 # 


1^73^1547 


. AB039723 

• 


FZD5 


(a) 5'-tgccaaggtcacttccgttt-3' 

(b) SMctecaateicgccgcg^* 

(c) 5VFAM-ccttC3tggtgctgItgccccc-TAMRA-3' 


2,(43-2,204 


HSU43318 


FZD6 


(a) 5'<iagcacccccaggU3agagaa>3' 

(b) 5'-cccagagagtciggagaiggat-3* 

(c) 5 # -FAM-tgigglgaacctgccicgccag-TAMRAr3* 


2,094-2, J 70 


AF072873 • 


FZD7 


<a) 5'-cctgJggaaaggcataactgtg-3' 

(b) 5 -aaccaacgg£aaacctcaga-3' 

(c) 5 -FAM-aagcaacm tataggcaaagcagcgcaa-TAM RA-3' 


2,687-2,762 

* 

- * - 
* 


AB017365 

• * ^ 
• * 


FZD8 


(a) 5'-tgtggtcggtgctcigctt.3' 

(b) 5'-egctcca!glcgataaggaag-3' 

(c) 5'-FAM-ccaccttcgccaccgtctcca-TAMRA-3t' 


853-919 


" AB043703 


FZD9 


(a) 5'-ccccgggagclacggac-3' r 

(b) 5'-iagicatgtgc3flgaccacgg-3' 

(c) 5'-FAM-tggcacgcactgccaclat3aggct-TAMRA-3'. 


1,696- J, 763 


HSU82I69 


ATPsy6 


(a) 5'-ggtgiaggtgtgcctigtggi-3' 

(b) 5 -gggcgcagtgattataggcll-3* 

(c) 5'-FAM-a3gigggctagggcaitlltaatcnagagcg-TAMRA-3' 


/ 58<M03 


AF36827I 


c-myc 


(a) 5 -acc3Ccagcagcg3ctctga-3' 

(b) 5Mccagcagaaggigatccagact-3* 

fc) 5 ; -FA M^acc 1 1 ttgccaggagcctgcctct-TAM RA-3* 


U9?-I,4I3 


HSMYC1 

* 


Cyclin D I 


(a) 5'-gaacetggccgcaatgac-3'- 

(b) 5'-cgcctciggcaitiigga-3* 

(c) 5'-FAM-ccgcacgailicattgaacacil-TAMRA-3' 


4,148-4,211. 


AF51 1593 


PPAR5 


(a) 5'-agc3tccicaccggcaaa-3' 

(b) 5'-gicicgaigtcgigg3tcaca-3* 

(c) 5'-FAM-ccagccacacggcgcccl-TAiN1 RA-3' 


932-990 


NM-006238 


a (a) = Sense primer, (b)= an lisense primer, (c) = probe 

6 Fragment positions are given according to the EMBL/GenBank accession No. of cloned sequence. 
c EMBJUGcnBank accession No, of cloned sequence. * 



formalin and with the alcohol-based fixative. Paraffin and cryosec- 
tions were mounted on pory-Z-Iysinc or 3-aminopropyltrielboxys>- 
lane-gelatin-coated slides. The 59 tissue samples oh the CXI human 
renal cancer tissue array slides were, all fixed with formalin. and 
embedded in paraiTm. and the seciions were mounted on silane- 
coaicd slides (SuperBioCrups Laboratories). In addiiion to renal car- 
cinoma tissue, sections from 10 formalin-fixed pa raffin-em bedded 
lung carcinomas were stained for F2d5. Colon and breast tumors 



FrhzJed Rectpiors in Renal Cell Carcinoma 



were used as positive controls for 0-caienin and cyclin DI immuno- 
staming. 

. The following primary antibodies were used: F2d5 (Upstate Bio- 
technology), p-catenin (Zymed), cyclin Dl (Zyrned)/ E^cadherin 
(Novaccstra) and eytokeratin 8 (Biogenex). Cryosections were fixed 
in 4% paraformaldehyde for 5 min; acetone for 5 min at -20*C and 
70% ethanol' for 5 min. Endogenous peroxidase activity was 
quenched using 3% H;Oj. Paraffin seciions of formalin- and alcohol- 
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Table 2. Fzd mRN'A expression in tumor samples 



Sample Tissue Tumor type .vfoJd expression increase 1 ' 

FZD2 FZD3 FZD5 FZD6 F2D7 FZD8 . F2D9 



133702 


kidney 


- adenocarcinoma 


0.17 


0.5 


JtZ? 


2.13 


0.06 


1.32 




1 J / / / u 


PWlUlJC* 


renai ccjj carcinoma 


1.23 




836 


. 2.61 


13 


821 


5.44 


I .>O0*M 


Kioney 


renal cell carcinoma 


0.31 


nit 
0.11 


6.84 


1.J8 


0.23 


338 


2.8 


1 J / 140 


Kidney 


renal cell carcinoma 


0.47 


0.45 


3.16 


2.23 


0.73 


4.42 


1.37 


13/564 


kidney 


. renal cell carcinoma 


3.43 


2.95 


9.6 


1.57 


7.64 


3.52 




133408 


kidney 


renal cell carcinoma 




n or 

V.70 


A 10 
v.jy 


7 -dR 


J.VJ 


10. /J 




139)88 


kidney 


renal cell carcinoma 


3.7 


0.56 


0.66 


1.33. 


037 


441 


1 53 ' 


13569*- 


kidney 


rcnaJ cell carcinoma 


2.6 


0.36 


4.83 


0.9 


034 


2 54 


"> 31 


J 39064 


kidney 


renal cell carcinoma 


536 


1 82 


135 


*> 36 


1 8 




7 ft< 


. 134585 


kidnev 


renal cell carcinoma 


l 47 


0 72 


1 38 


0 47 


004 

V.V7 . 


U,Q 




140279 


kidnev 


renal cell carcinoma 


733 


18 17 


3 93 








7 0# 

. /.yr 

• 


137252 


ovary 


carcinosarcoma • 


0.4 


339 


0.49 


0.44 


0.92 


0.54- 


0.53 


138256 


ovary 


papillary carcinoma 


0.7 


537 


1.22 


2.19 


o:4 


0.11 


_ 


146472 * 


ovary 


serous papillary carcinoma 


- 0.39 


3.29 


2.56 


1.34 




.0.67 


039 


145845 


colon 


adenocarcinoma 


3.45. 


- 3.36 


0.58 


'1-22. 


1.67 


U4 


1.99 


146 145 


colon 


adenocarcinoma . 


5.46 


6.74 


4.42 


6.57 


JL?* 




0.15 


146630 


colon 


adenocarcinoma 


4.01 


433 


0.3 


1.16 


0.54 


0.55 


0.12* 


.146633 


colon 


adenocarcinoma 


1.87 


K07 


• 1.62 


1.47 


0.51 


2.07 




147055 


colon 


adenocarcinoma . 


0.66 


1.41 


1.03 


1.33 


0.24 


.0.7 9 . 


4.87 


142253 


Jung 


adenocarcinoma. 


0.67 


5.17 


0.43 


' 1.87 


033 


0.59 


0.41 


143036 


lung 


adenocarcinoma 


0.67 


1.24 


2.63 


1.13 


1.11 


. 1.04 


9.19. 


.138938 


lung. 


adenocarcinoma 


0.93 


0.88 


1.07 


1.3 


K73 


0.38 


0.76 


133563 


Jung 


adenocarcinoma 


2.76 


1.23 


0.31 


1.34 


0.99 


0.78 


4.97 


144387 


Jung 


•*. adenocarcinoma 


12.85 


0.43 


0.49 


0.25 . 


2.73 


0.54 




137304 


Jung 


. acinary adenocarcinoma 


0.54 


9. 1 5 


1.65 


.1.25 


0.63 


3.41 


2.64 


144546 


Jung 


epithelial carcinoma 


0.1 


0.67 


0.21 


8.11 


. 0.27 


0.97 


1.32 


137621 


lung 


epithelial carcinoma 


1.52 


2.19 


.0.37 


2.26 


0.52 


0.45 


1.06 


145552 - 


lung 


epithelial carcinoma 


1.09 




0.16 


0.91 


L47 


0.13 


0,5 


143987 


lest is 


embryonal carcinoma 


0.24 


0.6 


19.43 


1.33 


23.12 


2.43 


033 


137332 


stomach 


leiomyoma 


19.32 


391 


0.45 


1.53 


18.98 


32.82 


16.7 


139026 


stroma 


gastrointestinal carcinoma 


66.1 


3.51 


0.03 


6.67 


8.44 


2.28 


20.82 


136049 


rectum 


adenocarcinoma . 


1.71 


0.52 


0.4 


0.54 


0.29 


0.88 : 


02Z 


i 40794 


gall bladder 


adenosquamous carcinoma 


0.19 




0.93 


3.02 


0.2 







9 Sample identification numbers were given by the pathologist. . * 

b Results are expressed as a- Ibid increase of the gene in the tumor tissue sample compared to its matched normal tissue sample after 
normaJhing both samples on the basis of their ATPsy6 content. A cutoff of 3-fold was used to define differentia! expression. Significant 
f> 3-rold) increases in the expression level of the Fzd recepior are shown in italics. - = Expression of the target gene undetectable in one or both 
samples (tumor and/or normal). 



fixed tissue were processed with a irypsin-citrate^microwave pre- 
trcatment or with an EOT A- microwave pretreaiment to unmask epi- 
topes, respectively. Sections were then sequentially processed with 
primary antibodies, biptinybied secondary antibodies and streplav- 
idin-biotin-peroxidase (F2d5. £-cadherin and cyiokeratin 8). For p- 
catenin. polyclonal rabbit antibody with the En Vision detection sys- 
tem (DAKO) wa$ used. The slides were further developed using 3- 
aminD-9-eihylrarbazoJe. countcrsiaine'd with hemalaun and mount- 



ed With glycerin gelatin. Stained sections were observed with an 
Axioplan 2 microscope equipped with an Axiocam digital camera. 
Staining intensity for p-catenin was scored as no staining (va)ue 0), 
weak and fragmentary staining of cell membranes (value 1), moder- 
ate membrane staining of less than 50% of the tumor cells (vaJue-2). 
moderate membrane staining of more than 50% of tumor cells (value 
3) and strong membrane staining of more than 75% of tumor cells 
(v2lue 4). The cyclin Dl staining was quantified as a percentage of 
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Fig. 1. Fzd5 protein expression in matched 
tumor/normal kidney sampler T = Tumor 
sample; N * matched normal sample. Sam- 
ple identification numbers are given by tbfc 
pathologist. 




140279 
T N 



cyclm D I-immunoreactive nuclei in tumor cells in three folds (area; 
1 8,64 J pro 1 ) or each tumor sample: The total number of tumor nuclei 
ranged from 51 to 164. The correlation between Fzd5 and P-catenfn 
staining, and between Fid5 and cycJin Dl staining was evaluated by 
the Mann-Whitney U test. * 



sion leveJ was observed to be relatively Jow in these Jung 
tissues compared to the other tissues investigated 



Res oh s 

Fzd mRNA Expression in Matched Human 

Tumor/Normal Tissue Samples 

Fzd expression in tumor tissue was compared with Fzd 
expression in matched normal tissue samples and normal- 
ized to the expression of the housekeeping gene mitochon- 
dria] ATPsy6(iabJe 2). A 3-fold increase was considered 
significant. . 

In the kidney tumor samples, in which 10 of 1 1 sam- 
ples were clear cell carcinomas, Fzd5 was upregulaied in 8 
of the J J samples. A similar observation was made for 
Fzd8 and Fzd2, which were upregulated in 7 and 5 renal 
tumor samples, respectively. None of the other Fzds 
showed consistent upreguJation. 

Both Fzd2 and Fzd3 were upregulaied in 3 of 5 colon 
adenocarcinoma samples. No other Fzd expression was 
significantly different compared to the normal colon tis- 
sue sample. Fzd3 showed an increased expression in all 3 
ovarian carcinoma samples. Fzd expression was not al- 
tered in any of the lung tumor samples. The Fzd expres- 



Western Blot and I mrtunohistochemistry Analysis on 
Renal Carcinomas 

Western, blotting was used to evaluate Fzd5 protein 
expression in the renal tissue samples used for mRNA 
expression analysis. Membrane fractions of the renal car- 
cinoma and corresponding normal tissue samples were 
prepared. As previously shown (table 2), Fzd5 mRNA 
upregulation was detected in 8 of the I J matched tumor/ 
normal samples, increased expression of Fzd5 protein 
was seen in membrane fractions from 9 of I I samples 
(fig. I). In most cases, concomitant increases in Fzd5 
mRNA and protein levels were observed. 

Hematoxylin-eosin staining of the Cryosectioned' tu- 
mors confirmed the presence of clear cell carcinoma. 
Fzd5 immunostaining in clear cell carcinoma (fig. 2a, b) 
was observed to be localized to cell membranes and to 
nuclei. Cytokeratin 8 (fig. 2c) and E-cadherin (fig. 2d) 
were also detected. E-cadherin labeling of cell membranes 
in clear cell carcinoma was Jess intense and patchy com- 
pared to epithelial cells of normal renal tissue. 0-Catenin 
staining was confined to the cell membrane. 0-Catenin 
levels in the clear cell carcinoma membranes were highly 
variable: Nuclear 0-caienin staining was not observed in 
any of the samples. Epithelial ceils in normal renal, tissue 
showed intense membrane staining and some cytoplasmic 
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Staining. In addition, weak p-catenin staining of endothe- 
lial cells was observed. A high number of cyclin Dl- 
immunoreactive nuclei was observed in cleared) carcino- 
ma (fig. 20. 

On the CL1 human kidney cancer tissue array, 30% 
(n - 9) of the clear eel) carcinoma tumor samples (n = 30) 
showed Fzd5 immun ©reactivity (fig. 3a). Membrane-as- 
sociated p-catenin staining was observed in 33% of the 
Fzd5-p6sitive tumor samples and 57% of Fzd5-negative 
clear renal cell carcinoma samples (table 3; fig. 3c, d). 
Again, nuclear 0-cateriin staining was never observed. 
Statistical analysis did not reveal a difference in . the 
expression of p^catenin between FzdSrpositive and Fzd5- 
negative tumor samples (fig. 4a). 

Nuclear cyclin Dl was observed in 89% of the Fzd5- 
positive clear cell carcinoma samples (table 3; fig. 3e). 
Only 38% of the Fzd5-negative clear cell carcinoma sam- 
ples contained nuclear cyclin Dh Statistical analysis 
showed a significantly higher cyclin Dl expression in 
Fzd5-positive compared to Fzd5-negative tumor samples 
(fig. 4b). . 



Expression of PPAR5 was investigated because it repre- 
sents a direct target of the 0-catenin pathway with T cell 
factor binding sites in its promoter. Expression of c-myc 
was found to be upregulated in 7 of U, whilst cyclin Dl 
was upregulated in 10 of 1 1 kidney tumor samples (ta- 
ble 4). PPAR8 was upregulated in 9 cases. All three select- 
ed target genes showed a marked upregulatjon in . the 
majority of renal tumors, which suggested that the Wnt/ 
0-catenin pathway was activated in these samples. 



Discussion 



t-myc; Cyclin Dl and Peroxisome 
Proliferator- Activated Receptor 5 Expression in Renal 
Carcinomas 

Writ/0-catenin.pathway activation in the kidney tissue 
samples was investigated looking at the expression of a 
number of target genes, which have previously been 
shown to be upregulated when the pathway is active. 
Gene expression of c-myc, cyclin Dl and peroxisome 
proliferator-activated receptor 5 (PPAR5) was analyzed. 
Increased expression of both c-myc and cyclin Dl genes- 
have been implicated in cell proliferation, and carcino- 
genesis, and they represent two of the more important and 
closely studied target genes of the Wnt signaling pathway. 



Fig. 2. Distribution of F2d5 (», b), cyioJctratin 8 (c), E-cadberin (d) 
and ^catcnii) (©) immunoreaciivify , n paraffin sections from a renal 
tumor processed by an alcohol fixative. From the same tumor, a for- 
malin-fixed block was used Tor cycj in Dl immunosiaming (f). Fz65 
immunostaming shows distinct immunoreactivity j 0 cell membranes 
and in nuclei of clear cell renal carcinoma. Gear cells are immunore- 
active for cytoJceratm 8. 0-Caienin and E-cadherin staining of mem- 
branes is rather weak, and not uniform, in clear cell rena J carcinoma. 
Nuclear p-catenin immunoreactivity was not observed. In clear cell 
renal carcinoma, many nuclei showed cyclin Dl immunoreactivity. 
The inset in I shows a detailed view of the cyeJin Dl labeling of nuclei 
in-cJearcelj renal carcinoma. 



Fzd family member overexpression has been postu- 
lated to play key roles in different tumor types such as 
esophageal carcinoma [1 J], gastric cancer [12] and head 
and neck squamous, cell carcinoma [13], The current 
study evaluated the potential implication of Fzds as 
tumor-associated antigens in different tumor types. We 
screened a number of matched normal/tumor tissue sam- 
ples for the expression of a variety of Fzds using real-time 
quantitative PGR. 

Results obtained revealed that both Fzd5 and Fzd8 
mRNA were overexpressed in the majority of renal carci- 
noma samples when compared to the matched norma) 
kidney samples. Fzd2 and Fzd3 were upregulated in 3 of 5 
colon adenocarcinoma samples. Fzd3 was also upregu- 
. lated in the ovarian tumor tissue samples compared to the 
matched normal tissue samples. None of the other Fzds 
•evaluated showed a specific differential expression pat- 
tern in any of the samples studied. Fzd5 and Fzd 8 show 
69.1% similarity and belong to the same subgroup of Fzds 
[14], The significantly higher expression of Fzd5 and 
Fzd8 in the renal tumor samples, as compared to the nor- 
mal renal sampfes, suggests a higher probability that this . 
subgroup may be implicated in the progression of renal 
cancer. Therefore, we decided to further examine the pos- 
sible role of Fzd5 in renal carcinoma. 

We observed, using Western blotting, that protein lev- 
els were mostly consistent with mRNA levels in the tumor 
samples. In order to be able to determine the Fzd5 expres- 
sion in a broader range of kidney tissues, we utilized a 
tissue array. Fzd5 membrane staining was detected in 9 of 
30 (30%) clear cell carcinomas, and importantly, mem- 
brane staining was not detected in the matched 9 normal 
kidney tissue samples. 

Since the Wnt signaling pathway appears to play an 
important role in embryonic development, in particular 
embryonic kidney induction (15, 16], activation of this 
pathway in the adult kidney due to mutation or overex- 
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TebJe 3. Correlation between Fzd5 and 
0-catenin or cyclin Dl expression 
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pression or one of the components of the pathway could 
be a determining factor in the development of renal can- 
cers. Therefore, several studies have looked into the possi- 
ble function the Wnt/^catenin pathway plays in renal 
carcinogenesis. APC gene mutations have been demon- 
strated not to be involved in renal carcinoma [17, 18], In 
addition, 0-caiehin mutations are rare events in renal car- 
cinoma [19, 20]. Nevertheless, cytoplasmic accumulation 
of fkatenin has been reported in a number of renal cell 
carcinomas [19], and thus the Wnt signaling pathway 



T«bfc 4. W„t/p<attnin target gene mRNA expression in tumor samples 
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Fig. 4. Box plot charts (thick black line = 
median) illustrating the relationship be- 
tween FzfSS immunostaining and P-catenin 
(a) and cyclin Dl (b) expression in clear cell 
renal carcinoma. No significant correlation 
was observed bet ween the 0<aienin scores of 
FzdS-positivc and -negative clear cell renal 
carcinoma. Nuclear cyclin. Dl staining in 
clear cell renal carcinoma showed a signifi- 
cant difference between F2d5-positive and 
Fzd5-negative tumor samples. 



might act as an inducer of lumorigenesis in the kidney. 
This view is supported by the observation that aberrant 
activity of the Wnt signaling pathway has been reported in 
renal-cancer-derived eel) lines. Zang et aL [2 1 ] observed a 
higher expression level of Wnt5a and Fzd5 mRNA in ihe 
renal cancer cell line GRC-1 than in ihe normal renal cell 
line HK-2. Expression of p-catenin was also higher in 
GRC-1 than in HK-2. 

To determine the status of the canonical Wnt signaling 
pathway in our renal carcinoma sarnples, we have quanti- 
tated the mRNA levels of three important target genes of 
T cell factor/rymphoid enhancer factor activation by 
P-catenin. The mRNA levels of these three target genes 
(c-myc, cyclin Dl and PPAR 5) correlated largely with the 
expression. of F2d5 in these samples, suggesting thai the * 
canonical pathway is activated. On the kidney tissue 
array, cyclin Dl protein expression showed a highly sig- 
nificant correlation with Ihe Fzd5 expression in the tumor 
samples (table 3). Cyclin Dl protein is frequently. overex- 
pressed in various tumors, but in only a. proportion of the 
cases is it due to amplification of the cyclin Dl gene [22J. 
Therefore, other mechanisms such as upregulatiori of gene 
. transcription may play a substantial role in the overex- 
pression of cyclin Dl [23-26]. Our data, showing in- 
creased cyclin Dl expression in renal carcinoma samples, 
are consistent with the results of Stassar et aL [27], They 
studied genes that are associated with human renal carci- 
noma by suppression subtract ive hybridization and re- 
ported 14 different ially expressed genes, including cyclin 
Dl. Although we would have expected an increased nu- 
clear ^catenin staining, nuclear accumulation of p-cate- 



nin was not observed in any of the tumors or on the tissue 
array. This result is consistent with the data presented for 
renal cell carcinomas by Kim et aL (19J. They did not 
detect nuclear 0-catenin staining in the 52 renal cell carci- 
nomas examined. The lack of nuclear p-catenin staining: 
has also been reported by others in tumors tJiat might 
have arisen from Wnt/0-catenin pathway activation [28- 
31 J. 

While expression of both Wnt5a and Fzd5 does induce 
duplication of the Xenopus head, exogenous expression of 
Fzd5 in a Xenopus model does not induce duplication of 
the head [32], Fzd5 does not activate the p-catenin signal- 
ing pathway on its own, as the presence of its endogenous 
ligand is also required. Our resulis.suggest that Fzd5 may 
have a role in renal cell carcinogenesis due to its frequent 
overexpression observed in these tumor samples, and we 
hypothesize that if Fzd5 is overexpressed, it has a rather 
limited effect, on p-catenin signaling. However, in the 
presence of its endogenous still unknown ligand, it acti- 
vates the canonical Wnt signaling pathway. The elucida- 
tion of this ligand and its binding characteristics is still 
under investigation. Ultimately, knowledge of the specific 
expression patterns of both Wnt and Fzd members could 
lead to directed tumor targeting or could be used as a 
tumor marker. 
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Immunohistochemical analysis of NY-ESO-1 antigen expression in normal 
and malignant human tissues- 

Jungbluth A A , Chen YT , Stockert E , Busam KJ , Kolb D, Iversen K , Coplan K . 
Williamson B , Altorki N. Old LJ . 

Ludwig Institute for Cancer Research, Memorial Sloan-Kettering Cancer Center, New 
York, NY, USA. jungblua@mskcc.org 

NY-ESO-1, a member of the CT (cancer/testis) family of antigens, is expressed in normal 
testis and in a range of human tumor types. Knowledge of NY-ESO-1 expression has 
depended on RT-PCR detection of rrtRNA and there is a need for detecting N Y-ESO- 1 at 
the protein level In the present study, a method for the immunochemical detection of 
N Y-ESO- 1 in paraffin-embedded tissues has been developed and used to define the 
expression pattern of NY-ESO-1 in normal tissues and in a panel of human tumors. No 
normal tissue other than testis showed NY-ESO-1 reactivity, and expression in testis was 
restricted to germ cells particularly spermatogonia. In human tumors, the frequency of 
N Y-ESO- 1 antigen expression corresponds with past analysis of NY-ESO-1 mRNA 
expression e.g., 20-30% of lung cancers, bladder cancers and melanoma, and no 
expression in colon and renal cancer. Co-typing of N Y-ESO- 1 antigen and mRNA 
expression in a large panel of lung cancers showed a good correlation. There is great 
variability in NY-ESO-I expression in individual tumors, ranging from an infrequent 
homogeneous pattern of staining to highly heterogeneous antigen expression. Copyright 
2001 Wiley-Liss, Inc. 
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Multidrug resistance phospboglycoprotein (ABCB I) iu the mouse 
placenta: fetal protection. 

Kalabis GM, Kostaki A , Andrews MH. Petropoulos S, Gibb W, Matthews SG . 
Department of Physiology, University of Toronto, Ontario, Canada. 

The multidrug resistance phosphoglycoprotein ATP-binding cassette subfamily B 
(ABCB1) actively extrudes a range of structurally and functionally diverse xenobiotics as 
well as glucocorticoids. ABCB I is present in many cancer cell types as well as in normal 
tissues. Although it has been localized within the mouse placenta, virtually nothing is 
known about its regulation. In the mouse, two genes, Abcbla and Abcblb, encode 
ABCB I . We hypothesized that there are changes in placental Abcbla and Abcblb gene 
expression and ABCB1 protein levels during pregnancy. Using in situ hybridization, we 
demonstrated that Abcblb mRNA is the predominant placental isofotm and that there are 
profound gestational changes in the expression of both Abcbla and Abcblb mRNA. 
Placentas from pregnant mice were analyzed between Embryonic Days (E) 9.5 and 19 
(term approximately 19.5d). Abcblb mRNA was detected in invading trophoblast cells 
by E9.5, peaked within the placental labyrinth at El 2.5, and tiien progressively decreased 
toward term (P < 0.0001). Abcbla mRNA, although lower than that of Abcblb at 
midges tation, paralleled changes in Abcblb mRNA. Changes in Abcbl mRNA were 
reflected by a significant decrease in ABCB 1 protein (P < 0.05). A strong correlation 
existed between placental Abcblb mRNA and maternal progesterone concentrations, 
indicating a potential role of progesterone in regulation of placental Abcblb mRNA.' In 
conclusion, there are dramatic decreases in Abcbla and Abcblb mRNA and in ABCB1 at 
die maternal-fetal interface over the second half of gestation, suggesting that the fetus 
may become increasingly susceptible to the influences of xenobiotics and natural steroids 
in the maternal circulation; 
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Expression of human telomerase reverse transcriptase gcae and protein 
and of estrogen and progesterone receptors, in breast tumors: Preliminary 
data from neo adjuvant chemotherapy. 

Kammori M , Xzumiyama N, Hashimoto M Nakamura K Qkano T Kurabav ashi R 
NaojdH, HgnmaN, Ogawa T. Kanuuiishi IVf . Takubo K . ' 

Division ofBreast and Endocrine Surgery, Department of Surgery, Graduate School of 
Medicine, The University of Tokyo, Bunkyo-ku, Tokyo 1 13-8555, Japan, kanmori- 

dis@uxnin.acjp. 

Human telomerase reverse transcriptase (hTERT), the catalytic subunit of telomerase is 
very closely associated with telomerase activity. Telomerase has been implicated in ' 
cellular immortalization and carcinogenesis, in situ detection of hTERT will aid in 
determining the localization of telomerase-positive cells. The aim of this study was to 
detect expression of hTERT mRNA, hTERT protein, estrogen receptor (ER) and 
progesterone receptor (PR) in paraffin-embedded breast tissue samples and to investigate 
the relationship between hTERT expression and various clinicopathological parameters 
in breast tumongenesis. We used in situ hybridization (ISH) to examine hTERT gene 
expression, and lmmunohistochemistry (1HC) to examine expression of hTERT protein 
ER and PR, m breast tissues including 64 adenocarcinomas, 2 phyllode tumors and their 
adjacent normal breast tissues. hTERT gene expression was detected by ISH in 56 (88%) 
carcinomas, but in neither of the 2 phyllode tumors. hTERT protein expression was 
detected by IHC in 52 (8 1 %) carcinomas, but in neither of the 2 phyllode tumors 
Moreover, ER and PR were expressed in 42 (66%) and 42 (66%) carcinomas 
respectively, and in neither of the 2 phyllode tumors. In 4 cases of breast carcinoma that 
staongly expressed hTERT gene and protein before treatment, neo-adjuvant 
chemotherapy led to disappearance of gene and protein expression in all cases There was 
a strong correlation between detection of hTERT gene expression by ISH and of hTERT 
protein by ICH in tissue specimens from breast tumors. These results suggest that 
detection of hTERT protein by ICH can be used to distinguish breast cancers as a 
potential diagnostic and therapeutic marker 
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Abstract Human telomerase reverse transcriptase (hTERT), 
the catalytic subunit of telomerase, is very closely associated 
with telomerase activity: Telomerase has been implicated in 
cellular immortalization and carcinogenesis. In situ detection of 
hTERT will aid in determining the localization of telomerase- 
positive cells. The aim of this study was to detect expression of 
hTERT mRNA, hTERT protein, estrogen receptor (ER) and 
progesterone receptor (PR) in paraffin-embedded breast tissue 
samples and to investigate the relationship between hTERT 
expression and various clinicopathological parameters in breast 
wmorigenesis. We used m situ hybridization (1SH) to examine 
hTERT gene expression, and im/nunohistochemistry (JHQ to 
examine°expression of hTERT protein, ER and PR. in breast 
tissues including 64 adenocarcinomas. 2 phyllode tumors and 
their adjacent normal breast tissues. hTERT gene expression 
was detected by 1SH in 56 (88%) carcinomas, but in neither 
of the 2 phy/lode tumors. hTERT protein expression was 
delected by IHC in 52 (81%) carcinomas, but in neither of 
the 2 phyllode rumors. Moreover. ER and PR were expressed 
in 42 (66%) and 42 (66%) carcinomas, respectively, and in 
neither of the 2 phyllode rumors. In 4 cases of breast carcinoma 
that strongly expressed hTERT gene and protein before 
treatment, neo-adjuvant chemotherapy led to disappearance of 
gene and proiein expression in all cases. There was a strong 
correlation between detection of hTERT gene expression by 
JSH and of hTERT protein by 1CH in tissue specimens from 
breast tumors. These results suggest thai detection of hTERT 
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protein by 1CH can be used to distinguish breast cancers as a 
potential diagnostic and therapeutic marker. 

Introduction 

Breast cancer is the most frequent malignancy in women, 
affecting up to one in every eight females worldwide. Tfce 
most important clinicopathological prognostic parameter so 
far identified is the absence or presence of lymph node 
metastasis, but the identification of further parameters for 
both lymph node-positive and -negative patients would 
facilitate an individually based risk-directed therapy 
promising emerging molecular marker is telomerase. a 
ribonucleoprotein enzyme complex, which when activated 
or upregulated allows tumor cells to escape from cellular 
senescence and to proliferate indefinitely (2). T^c human 
telomere is a simple repeat sequence of six bases OTAGOO) 
that is located at the ends of each chromosome (3). Telomeres 
are believed to protect against degeneration, reconstruction, 
fusion, and loss (4) and to promote the homologous pairing 
of chromosomes (5). The end-to-end chromosome fusions 
observed in some tumors may result from the loss of telomeres 
and may be partly responsible for the genetic instability 
associated with lumorigenesis. Telomerase catalyzes the 
synthesis of telomere DNA and facilitates cell irnmottahzaocm 
through the stabilization of chromosomal structure (6-8). 
Although the expression of the human RNA component of 
lelomerase (hTERC) is widespread, the restricted expression 
pattern of the mRNA of hTERT, the human telomerase 
catalytic subunit gene, is correlated wirh telomerase activity 
(8-13). As telomerase activity seems to be the key player in 
tumor cell immortality, it has importance as a target molecule 
for anti-cancer therapy. Telomerase activity has been shown 
to correlate wiih poor clinical outcome in neuroblastomas 
and other tumors ( 14). For breast cancer, however, lelomerase 
activity is a controversial prognostic marker: some studies 
suggest thai lelomerase activity. clinicopathological parameters 
and disease outcome are linked, whereas others do not find 
this association (14-23). 
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We have succeeded in very dearly and sensitively demon- 
strating hTERT roRNA iir thyroid. colorectal, parathyroid 
and lung tissues by use of an oligonucleotide probe (13,24-26). 
Strong correlation has been observed between hTERT mRNA 
and^or pTOlein expression and leJomerase in a variety of 
malignant tumors (13.14,24.25,27,28). In the present study, 
we used ISH to examine expression of the hTERT gene, and 
1HC to examine expression of hTERT protein, ER and PR, in 
64 carcinomas and 2 phyllodes rumors of breast to determine 
whether hTERT protein can be used to differentiate breast 
cancers. We also analyzed hTERT roRNA and protein 
expression with special reference to clinical features and 
histological findings to investigate the potential role of 
hTERT mRNA expression analysis in predicting the biological 
characteristics of breast cancers. Since hTERT expression in 
breast tumors has not previously been analysed by ISH or IHC, 
our investigation also examined various clinicopathological 
parameters; including age, histopathologic^ type, tumor size, 
lymph node status, relapses, and the expression of ER and PR. 

" Materials and methods 

Tissue collection. Sixty-six samples were obtained during 66 
mastectomies: 64 breast carcinomas, 2 phyllodes tumors and 
66 specimens of the adjacent normal breast gland. In 4 cases, 
samples were obtained during core needle biopsies (CNB) 
before neo-adjuvant therapy and again during mastectomies 
after neo-adjuvant therapy; for these cases, all measurements 
and examinations were performed both before and after the 
neo-adjuvam therapy. The patients ranged in age from 32 to 
90 years. The patients with carcinomas ranged in age from 37 
to 90 r mean 56. years and were all women. The women with 
phyHode tumors were aged 32 and 38 years, respectively. 
The surgical and CNB tissue samples were frozen rapidly 
with liquid nitrogen and stored at -80"C until fixation. Then, 
they were fixed in 10% buffer formalin solution and 
embedded in paraffin. Surgical and CNB samples were 
collected from the patients after obtaining their informed 
consent, and the study protocol was approved by the Medica) 
Department of the University of Tokyo Ethics Committee. 
The pathologic diagnoses were made by the surgical 
pathological specialists at our institute on the basis of 
examination of hematoxylin-eosin stained slides. A 
pathological review was performed for all breast tumors 
according to the BRE score. pT and pN staging were assigned 
according to the 1997 WHO classification (7th edition). 

MCF-7 human breast cancer cells, kindly provided by the 
Cell Resource Center for Biomedical Research. Institute of 
Development. Aging and Cancer. Tohoku University, were 
used as positive controls. The cells were incubated in RPMl- 
1640 medium with 75 mM HE PES buffer. L-glutamine. and 
10% fetal bovine serum (Gibco, Grand Island. NY) on a 
chamber-attached slideglass (Lab-Tek 3 Chamber Slide™: 
Nalge Nunc International. Napervjlle. IL) in a humidified b% 
CO, atmosphere at 37*C The cells were then fixed with 10% 
buffered neutral formalin (Sigma Chemical Co.. St. Louis. 
MO). The cultured MCF-7 cell line dial was used as a positive 
control was tested for teiomerase with a PCR- based standard 
TRAP assay (6J3). These cells were also used to prepare cell 
blocks. Briefly, the cells were fixed in 10% buffered neutral 



formalin, resuspended in molten agarose and then embedded in 
paraffin. Sections from these cell blocks were used as positive 
procedural controls in ISH and IHC. The negative control in 
ISH was obtained by replacing the oligonucleotide probe with 
RNase. The negative control in IHC was obtained by replacing 
the primary antibody with Tris-butTered saline (TBS). 

* 

Oligonucleotide probe for JSH. The specificity of the oligo- 
nucleotide sequence was initially determined by a GenEMBL 
database search using the Genetics Computer Group Sequence 
Analysis Program (GCG. Madison, WI) based on the fastA 
algorithm (29); the sequence exhibited 100% homology 
With Ihe hTERT gene sequence. A d(T);» oligonucleotide 
was used to verify the integrity and lack of degradation of 
the mRNA in each sample. All oligonucleotide probes 
were synthesized with a bapien-labeled nucleotide, such as 
digoxigeninrdUTP (Boeruinger-Mannheirn)/at the 3' end via 
direct coupling by using standard phosphoramidite chemistry 
(Research Genetics, Huntsville, AL) (30). The probe used for 
detection of hTERT by ISH was generated from the original 
sequence for Homo sapiens teiomerase reverse transcriptase 
(AF0 15950), 2766-2800: 5*-GCCTCGTCTTCTACAGGGA 
AGTTCACCACTGTCTT-3* (13,24-26). 

> 

ISH ISH was rxrformed with the GenPoint nucleic add hyper- 
detection system (Dako; Carpenieria, CA) (31). FormaJin- 
ftxed, paraffin-embedded tissue sec lions (5 pm thick) were 
deparaffinhed in xylene and a graded alcohol series. Tissue 
sections and CNB samples were then pretreated with target 
retrieval solution (Dako, SI 700) at 95*C and proteinase K 
(Dako, S3004) at room temperature. Next; the tissues and 
CNB samples were fixed in 03% hydrogen peroxide followed 
by a methyl alcohol series at room temperature. Pigoxigcnin- 
labeled anti-sense oligonucleotide in mRNA in situ hybri- 
dization solution (Dako. S3304) was placed over the tissues 
and CNB samples. After hybridization at 37*C overnight, 
the slides were washed in stringent wash solution (Dako. 
GenPoint System Kit) at 45X. The tissues and CNB samples 
were exposed to avidin blocking solution (Dako, X0590) 
ai room temperature followed by biolin blocking solution 
(Dako, X0590) at room temperature. The tissues and samples 
were then incubated at room temperature with a sheep 
monoclonal hapten- labeled anti-digoxigenin antibody (Dako. 
p5!04), and the slides were then fixed with biotinyl tyramine 
(Dako, GenPoint System Kit) at room temperature. Finally, 
the slides were incubated with HRP-conjugated streptavidm 
(Dako. GenPoint System Kit) at room temperature. Since 
S.T-diaminobenzidihe tetiahydrochloride (DAB) was used as 
the substrate, a positive reaction was visible as a brown color 
under a light microscope. The sections were weakly counter- 
stained with 0.1% hematoxylin. 

IHC. IHC was performed by the avidin-biotin complex/ 
horseradish peroxidase method. Tissue sections were stained 
for hTERT with a commercially available monoclonal antibody 
(NCL-L-hTERT; Novoeastra, Newcastle upon Tyne. UK). 
Sections were dewaxed in xylene. Aniigen retrieval was done 
by incubating sections immersed in 0.01 M citrate buffer at 
pH 6.0 m a mioowave oven ot 99"C. The sections were 
allowed to cool down at room temperature. The sections 
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Figure 1. Representative results of the TRAP assay. )f functional telomentse is 
present, the tnjyn* adds DNA to the substrate io 6-base-pair (bp) increments, 
resulting in a ladder- likr distribution of products. The 6- bp ladder signals arc 
apparent /or MCF-7 and brraxl cancers (rase nos. 6, 14, 23.44 and 59) and are 
not apparent for lysis buffer 'as the iKgatm control. An caftan of MCF-7 was 
used as a positive control for the TRAP assay and as an Internal Tclorneroe 
Assay Standard (IT AS) positive control for PCR amplification, with rysis 
buffer as the negative control (Lysis). 



were then immersed in 1% hydrogen peroxide (H 2 0 2 ) in 
methanol io Mock, endogenous peroxidase activity. Following 
thai, the sections were washed in TBS (pH 7.6) before being 
incubated in normal rabbit serum for 20 mm to block non- 
specific binding. After draining off the excess serum, the 
sections weie incubated with the primary antibody at room 
temperature. The sections were washed in TBS before being 
incubated with the secondary antibody (biotinylated rabbit 
anti-mouse, Dako). The sections were washed again wiih 
TBS and incubated with avidin biotin complex/horseradish 
peroxidase. After washing the sections with TBS, peroxidase 
activity was visuali2ed under light microscopy by applying 
DAB chromogen (Dako). The sections were counterstained 
with hematoxylin; dehydrated in increasing grades of alcohol 
and finally mounted in dibuiyl phihalate (DPX) mountanl. 

Homogeneous staining or a speckled/dotted pattern in the 
nucleus was considered positive staining, and absence of 
distinct nuclear staining was taken as negative staining. 
Grading of the percentage of stained cells (hTERT labeling 
index) was performed by previously published criteria (I) as 
follows: Grade I, negative staining; Grade 2, 1109b positive 
staining nuclei; Grade 3„ 11-50% positive nuclei; and Grade 4, 
>50% positive nuclei.. Immunbstained slides for ER and 
PR were scored as previously described (32,33). In brief, 
each entire slide was evaluated by light microscopy. First, a 
proportion score was assigned, which represents the estimated 
proportion of positive- staining tumor cells (0, none; ] , < 1/100; 
2. 1/100 to 1/10; 3, 1/10 to 1/3; 4, 1/3 to 2/3; and 5. >2/3). 
Next, ari intensity score was assigned, which represents the 
average intensity of positive tumor cells (0. none; I, weak. 
2, intermediate; and 3, strong). The proportion and intensity 
scores were then added to obtain a total score, which ranged 
from 0 io 8. Slides were scored by pathologists who did not 
have knowledge of ligand binding results or patient outcome. 



Table I. Relationships between mRNA status (negative/ 
positive) by ISH and standard clinical, pathological, and 



biological factors in the 66 tumors. 



No. of patients (%) 



Total 



population hTERT hTERT 



(%) 



negative 



positive P-value* 



Total 


66 


10(15.2) 56(84.8) 


Age 






<50 


26 


6 (23.1) 20(765) 


>50 


40 


6(15.0) 34(85.0) 


Histopatho- 






logic^! type „ . 






Scirrhous 


32 " 


2 (6.4) 30(93.6) 


Papillotubular 


20 


2(10.0) 18(90.0) 


Solid tubular 


6 


1 (16.7) 5 (83 3) 


Mucinous 


2 . 


1 (50.0) . 1 (50.0) 


Non-invasive 


4 


2(50.0) 2(50.0) 


Phyllodes 


2 


2 (100) 0 (0) 


Tumor size 


* 
* 




{cm? 






Tl (<2.0) 


20 


0 (0) 20 (100) 


T2 (2.0-5.0) 


34 . 


6(17,6) 28(82.4) 


T3 (>5.0) 


10 


2 (20.0) 8 (80.0) 



Lymph node 
status* 

pNO 

pNl 

pN2-t-pNJvj 
Relapse 



ER expression 

- (<2) 

PR expression 
+ <*2) 

- (<2) 



34 6(17.6) 28(82.4) 
26 2 (7.7) 24(923) 
4 0 (0) 4 (100) 



10 0 (0) .10 (100) 
56 10(17.6) 46(82.4) 

42 6(143) 36(85.7) 

24 . 4 (16.7) 20(833) 

42 4 (9.5) 38 (90-5) 
24 6(25.0) 18(7511) 



NS 



NS 



NS 



NS 



NS 



NS 



NS 



*f test. NS, not significant: k lnformMion avoilable for 64 patients. 



S toih n'c a I analysis. Differences in p- values were analyzed 
with the x 7 test for independence y and Fisher's test was used 
for correlations. In all comparisons. p<0 .05 was considered 



significant. 



Results 

Representative results of the TRAP assay are shown in Fig, ). 
The cultured cells, which were tested for telomcrase activity 




Figure 2. Concbtion bf rwcrn his miotic diagnosis, human »c tome rase .reverse ir^nscriplosc (bTERT) mRNA by 1SH. bTERT protein by IHC. cstro*en 
receptor (Efi) by IHC and piojeMtront rcctpior (PR) by IHC in breaM canters, (n, H&E); (b. bTERT mRNA); (c. bTERT protein): (d.ER) and {c. PR). 

with (be TRAP assay, gave positive results with all procedural 

controls (MCF-7 and 5 breast cancer samples) (Fig. !). 

1SH revealed that hTERT mRNA was strongly expressed 

in the nuclei and cytoplasm of aJmosi all of ibe MCF-7 human 

cancer cells (data not shown). Expression of hTERT mRNA 

was detected mr56 (88%) of the 64 breasl cancers and in none 

of the phyllodes tumors of the breast (Table I) with the ami- 
. sense probe, whereas no expression was detected with the anti- 
sense probe treated with RNase (data not shown). The levels of 

expression were heteioseneous within the carcinomatous 

regions. Strong expression of hTTiRT mRNA was not confined 

to the carcinomatous regions but was also delected in 

infiltrating lymphocytes (Fie. 2a and b). Higher expression 

levels of boih signals of hTERT mRNA were detected in 
some sections containing both carcinomas and lymphocytes, 
compared with the adjacent non cancerous mammary gland, 
but no clear differences in signal intensity were observed 
between carcinomas and lymphocytes. The signals in both 
the normal and cancer tissues were, mainly present in the 
lympnocyrcs, and the signal intensity was similar in boih. 
although a precise quantitative comparison of the in siitt sienals 
was impossible. 



IHC revealed that hTERT prolein was strongly expressed 
in the nuclei, nuclear membrane and cytoplasm of almost all 
of the MCF-7 human. cancer cells (data noi shown). Expression 
of hTERT protein was detected in 52 (81%) of the 64 breast 
cancers and in none of the phyllode tumors of the breast 
(Table II). The levels of expression were heterogeneous wi thin 
the carcinomatous regions. As shown in Fig. 2c; strong 
expression of hTERT protein was observed, in nuclei, nuclear 
membrane and cytoplasm, similar to the pattern in MCF-7 
human cancer cells. Normal mammary gland- and stromal 
cells generally showed negative immunoreactivity against 
hTERT protein antibody. 

A nuclear signal for the ER (Fig. 2d), as assessed by IHC. 
was observed in 36 (56%) of the 64 breasl cancers and in 
none of the phyllode tumors of the breast, with positive 
scores ranging from 2 to 8 (Tables I and I)). A nuclear signal 
for the PR (Fig. 2e). as assessed by IHC, was observed in 38 
(59%) of the 64 breast cancers and in none of the phyllode 
tumors of the breasl. with positive scores ranging from 2 to 8 
(Tables I and II). 

We used I5H and IHC io examine hTERT expression 
in 4 rases of breast cancer before and after neoadjuvant 



Table IK Relationships between mRNA status (negative/ 
positive) by IHC and standard clinicah pathological, and 



biological factors in the 66 tumors 



No. of patients (%) 





Total 


hTERT 
nesative 


hTERT 
positive 


P-value* 


iotai 


66 

v/v 


14(2J .2) 


52 (78:8) 




Ape 


- 


■ 


16(61.5) 


NS 


<50 


26 


10(38.5) 




>50 


40 


4(10.0) 


36(90.0) 




rJjSIOpamiMOJJ 








NS 


type 






30 (93j6) 


Scirrhous 


32 


2 (6.4) 




Papillotobular 


20 


4 (20.0) 


16 (80.0) 




Solid tubular 


6 


• ji tea i\ 

4 (66.7) 


l \55 -JJ 




Mucinous 


2 


0 (0) 


2 (100) 




N on- invasive 


4 


2 (50 01 


2 (50.0) 




Phyllodes 


2 


2 (100) 


0 (0) 




Tumor size (cm)* 








NS 


Tl (<2-0) 




a ton (w 


iv \ou*v/ 




T2 (2.0-5D) 


34 


6(17.6) 


28 (82.4) 




73 (>5.0) 


10 


2 (20.0) 


8 (80-0) 




Lymph node status* 








NS 


pNO 


34 


6(17.6) 


28 (824) 




pNI 


26 


6(23.1) 


20 (76.9) 




p N2+pNM 


4 


0 (0) 


4 (100) 




Relapse 








NS 




10 


1 (10.0) 


9 (90.0) 






56 


13(23.2) 


43 (79.6) 




ER expression 








NS 




42 


6(143) 


36(857) 




- (<2) 


24 


8 (333) 


16(66.7) 




PR expression 








NS 


4(>2) 


42 


6(143) 


36(85.7) 




- (<2) 


24 


8(333) 


16(66.7) 





x / ? lest. NS. nol significant. ^Information available foi 64 patients. 



chemotherapy. Before chemotherapy . all 4 of ihe breast 
carcinomas strongly expressed hTERT by both ISH and 
IHC. Aftej chemotherapy. hTERT expression completely 
disappeared in aJl 4 coses (Table HI). hTERT expression by 
lymphocytes was detectable by ISH and IHC both before and 
after chemotherapy in all 4 cases, and the level of expression 
did not appear to be altered by treatment. 

No correlation was observed between hTERT mRNA 
expression and any of the clinicopaiholosical parameters 
age. hisiopatholosical type, rumor *i:ze, lymph node stains. 



Table HI. Relationship of hTERT mRNA and protein 
expression before and after neoadjuvant chemotherapy. 

hTERT mRNA hTERT protein 



Case 


Age 


Neoadjuvant . 


Before After 


Before After 
• 


1 


80 


AnastrozoJe 






2 


78 


Anastrozole . 


+ 


+ 


3 


35 


FED 




+ , - 


4 


37 


AO - 




+ 



"FEC5FU (500 mg/nr). Epinibicin (70 mg/m 2 ). Cyclophosphamide 
(500 rog/m J ). b AC, Doxorubicin (60 mg/m 2 ), Cyclophosphamide 
(500 mg/m*). Before^ before neoadjuvant chemotherapy. After, 
after neoadjuvant chemotherapy. positive; negative. 



relapses, and the expression of ER and PR. Similarly, there 
was no correlation between hTERT protein expression and 
any of these clinicopathological parameters. There was a 
correlation between hTERT mRNA expression and hTERT 
protein expression in breast cancers (p<0.005). 

. Discussion 

This study reports a comparison of hTERT mRNA expression 
by ISH and hTERT protein expression by IHC in tissue 
sections from breast tumors. hTERT mRNA was detected 
by ISH in 56 of the 64 breast cancers and in MCF-7 human 
breast cancer cells. Breast cancer cell nuclei stained strongly 
positive with the specific anti-sense probe but not with the 
anti-sense probe treated with RNase (data not shown). Tissue 
lymphocytes also stained positively with the anti-sense probe, 
but the stromal cells did not. Expression of hTERT protein 
was observed by IHC in 52 of the 64 breast cancers. hTERT 
mRNA and protein expressions were highly correlated in 
bieast cancers (p<0.005). Detection of the hTERT protein by 
IHC has permitted further analysis of carcinogenesis and 
cancer diagnosis (34). 

Jn recent years, there has been disagreement over the 
suitability of telomerase activity as a prognostic biologic 
marker in breast cancer that may help to differentiate patients 
for individually based risk-related therapy. Hiyama et ol (15). 
in a study of 140 breast cancer specimens with the TRAP 
assay, found a strong association between telomerase activity 
and stage classification and observed telomerase activity 
in 68% of stage 1 tumors and 95% of stage IV tumors. 
Poremba et <*/(!), using tissue microarrays, found a statistically 
significant correlation berween rumor -specific survival (overall 
survival) and hTERT expression in breast cancer/However, 
some problems in interpretation may affect this apparent 
consensus- First, some samples of breast cancer tissue may 
be extensively contaminated by infdtraiing lymphocytes 
during operative manipulations, especially in advanced disease, 
rousing ove resumption of tefome/asc activity aotfor hTERT 
expression. In our previous reports, higher expression levels 



of signals for both hTERT mRNA and protein were delected 
in some sections containing both carcinoma and lymphocytes 
in thyroid and colorectal cancers (13,24). Secondly, Poremba 
etal (1) used polyclonal antibodies against hTERT protein as 
a signal for expression. In our hands, polyclonal antibodies 
against hTERT protein give rise to strong background signals 
and art not clearly specific for measuring expression in cancer 
tissues. We have carefully compared the reactivity against 
hTERT protein of the monoclonal antibody used in the 
present study with that of some polyclonal antibodies. Use of 
the monoclonal antibody in IHC allowed clear demonstration 
of hTERT pTOtein expression, with results similar to those 
of 1SH for hTERT rnRNA expression. Furthermore, IHC is 
technically much easier to perform than 1SH, since con- 
tamination of samples by RNase is not an issue in IHC. 

To the best of our knowledge, this report is the first on the 
study of hTERT expression in breast cancer as a function of 
neoadjuvant treatment. We examined hTERT expression 
in 4 cases of breast cancer before and aftei chemotherapy. 
Before chemotherapy, hTERT was strongly expressed in 
a!) 4 carcinomas, but after chemotherapy hTERT expression 
had completely disappeared in all 4 cases. hTERT expression 
by lymphocytes was delectable by 1SH and IHC both before 
and after chemotherapy in all 4 cases, and the level of 
expression did not appear to be altered by treatment. 

In conclusion, deiermination of hTERT rnRNA expression 
by 1SH and hTERT protein expression by JHC can be used to 
obtain information contributing to a histopathologica) diagnosis 
during screening of breast cancers. By use of a monoclonal 
antibody, we could very clearly and sensitively demonstrate 
hTERT protein expression in breast cancer tissues but not m 
non-cancerous tissues. Wc also demonstrated that 4 carcinomas 
with originally positive immunoreactivity against hTERT 
protein became negative after neo adjuvant chemotherapy. 
These results suggest that determination of hTERT protein 
by 1CH can be used as a potential diagnostic and therapeutic 
marker to distinguish breast cancers. 
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Expression of the ubiquitin-proteasome pathway and muscle loss in 
experimental cancer cachexia. 

KM J, Wyke SM. Russell ST, ffine AV. Tisdale MJL 

PharmaceuticalSciences Research Institute, Aston University, Birmingham, UK. 

Muscle protein degradation is thought to play a major role in muscle atrophy in cancer 
cachexia. To uweshgate the importance of the ubiquitin-proteasome pathway which has 
been suggested to be the main degradative pathway mediating progressive protein loss in 
cachexia, the expression of mRNA for proteasome subunits C2 and C5 as well as the 
ub.quitm-coujugating enzyme, E2(l4k), has been determined in gastrocnemius and 
pectoral muscles of mice bearing the MAC 1 6 adenocarcinoma, using competitive 
quantitative reverse, transcriptase polymerase chain reaction. Protein levels of proteasome 
subunits and E2(14k) were determined by immunoblotting, to ensure changes in mRNA 
were reflected in changes in protein expression. Muscle weights correlated linearly with 
weight loss during the course of the study. There was a good correlation between 
expression of C2 and E2(14k) mRNA and protein levels in gastrocnemius muscle with 
increases of 6-8-fold for C2 and two-fold for E2(14k) between 12 and 20% weight loss 
followed by a decrease in expression at.weight losses of 25-27%, although loss of muscle 
protein continued. In contrast, expression of C5 mRNA only increased two-fold and was 
elevated similarly at all weight losses between 7.5 and 27%: Both proteasome functional 
activity, and proteasome-specific tyrosine release as a measure of total protein 
degradation was also maximal at 18-20% weight loss and decreased at higher weight loss 
Proteasome expression in pectoral muscle followed a different pattern with increases in ' 

and C5 and E2(14k) mRNA only being seen at weight losses above 1 7% although 
muscle loss increased progressively with increasing weight loss. These results suggest 
that activation of the ubiquitin-proteasome pathway plays a major role in protein loss in 
gastrocnemius muscle, up to 20% weight loss, but (hat other factors such as depression in 
protein synthesis may play a more important role at higher weight loss. 

PMID: 16160695 [PubMed - in process] 
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Increased expression of proteasome subunits in skeletal muscle of cancer 
patients with weight loss. 

KhalJ, Hine_AV, Fearon KC , DgJonaCH, Tisdale MJ 

Pharmaceutical Sciences Research Institute, Aston University, Birmingham B4 7ET, UK. 

Afrophy of skeletal muscle is common in patients with cancer and results in increased 
morb.d.ty and mortality. In order to design effective therapy the mechanism by which 
th.s occurs needs to be elucidated. Most studies suggest that the ubiquitin-proteasome 
proteolytic pathway is most important in intracellular proteolysis, although there have 
been no reports on the activity of this pathway in patients with different extents of weight 
loss. In this report the expression of the ubiquitin-proteasome pathway in rectus 
abdominis muscle has been determined in cancer patients with weight loss of 0-34% 
using a competitive reverse transcriptase polymerase chain reaction to measure 
expression of mRNA $r proteasome subunits. C2 and C5, while protein expression has 
been determined by western blotting. Overall, both C2 and C5 gene expression was 
increased by about three-fold in skeletal muscle of cachectic cancer patients (average 
we,ght,loss H.5+/-2.5%), compared with that in patients without weight loss with or 
without cancer. The level of gene expression was dependent on the amount of weight 

°9 SS ; o T/ Cr ^: g maximal, y for ***** Proteasome subunits in patients with weight loss of 
l/-iy /o. Further increases in weight loss reduced expression of mRNA for both 
pmtoome subumts, although it was still elevated in comparison with patients with no 

ST*? nl/ SS ™ ^ n ° 6VidenCe f ° r m inCreaSe ^P^ion at weight losses less 
than 10/. There was a good correlation between expression of proteasome 20Salpha 
subumte, detected by western blotting, and C2 and C5 mRNA, showing that increased 
gene expression resulted in increased protein synthesis. Expression of the ubiquitin 
conjugating enzyme, E2(l 4k), with weight loss followed a similar pattern to that of 
proteasome subunits. These results suggest variations in the expression of key 
components of the ubiquitin-proteasome pathway with weight loss of cancer patients and 
suggest that another mechanism of protein degradation must be operative for patients' 
with weight loss less than 10%. F 

PMID: 161251 16 [PubMed - in process] 
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CeU type-specific occurrence of caveolin-lalpha aad -Ibeca in the lung 
caused by expression of distiuct mRNAs. 

KogoH, Ajba T, Fujimoto T . 

Department of Anatomy and Molecular Cell Biology, Nagoya University Graduate 
School of Medicine, Showa-ku, Nagoya 466-8550, Japan, hkogo@fujita-hu.ac.jp 

Two isoforms of caveolin-l, alpha and beta, had been thought to be generated by 
alternative translation initiation of an mRNA (FL mRNA), but we showed previously that 
a variant mRNA (5'V mRNA) encodes the beta isoform specifically. In the present study 
we demonstrated strong correlation between the expression of the caveolin- 1 protein ' 
isoforms and mRNA variants in culture cells and the developing mouse lung The alpha 
isoform protein and FL mRNA were expressed constantly during the lung development 
whereas expression of the beta isoform protein and 5'V mRNA was negligible in the fetal 
lung before 17.5 days post coitum, and markedly increased simul taneously at 1 8 5 days 
post coitum.when.the alveolar type I cells started to differentiate. Immunohistocliemical 
analysis revealed the cell type-specific expression of the two isoforms; the alveolar type I 
cellexpresses the beta isoform predominantly, while the endothelium harbors the alpha 
isoform chiefly. The mutually exclusive expression of caveolin-l isoforms was verified 
by-Western blotting of the selective plasma membrane preparation obtained from the 
endothelial and alveolar epithelial cells. The present result indicates that the two 
caveolin- 1 isoforms are generated from distinct mRNAs in vivo and that their production 
is regulated independently at the transcriptional level. The result also suggests that the 
alpha and beta isoforms of caveolin- 1 may have unique physiological functions. 

PMID: 15067006 [PubMed - indexed for MEDLINE] 
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Oncogene and growth factor expression iu ovarian cancer. 
Kommoss F , Baiikncclit T, Birmclin G Koliler M . Tesch H , Pflcidcrer A . 
Department of Gynaecology, Albert-Ludwig University, Freiburg, Germany. 

The varying tumor-biological behavior of ovarian carcinomas probably influences both 
the r opcrabdity and response to chemotherapy, which are the most relevant prognostic 
factors. ™e phenotypeof different ovarian carcinomas is obviously associated with an 

SSTo? 2?P f^T* Signd in «ng c-mycLd c-jun express!. 

Analysts of EGF-R, TGF-alpha, c-myc. and c-jun expression in 33 stage Itf/IV and 2 
stage l/Il ovarian carcinomas with biochemical, molecular-chemical and 
immunohistochemical methods showed a correlation between the mRNA and protein 
levels of EGF-R and TGF-alpha for tumors with low or high expressing rates. However 
the concenfrahon of measurable free EGF-Rs seems to depend on the amount of TGF- ' 
alpha expression by the tumors. The EGF-R binding ligand TGF-alpha is produced by 
epithelial tumor cells; stromal cells are usually TGF-alpha-negative, as shown by 
rnimunohistochemistry. High expression rates of EGF-R. TGF-alpha and c-myc were 
detected m 6 7 and 10 out of 35 ovarian carcinomas, respectively. C-jun mRNA was 
detected in 18/ 9 cases studied. Non-malignant tissues originating from myometrium or 
ovary, expressed, no (or only small amounts of) EGF-R or TGF-alpha mRNA whereas a 
high c-myc expression was found in 1/7 normal myometria, and in 2/5 normal ovaries 
There was no strong correlation between EGF-R/TGF-alpha and c-myc/c-iun 
expression.(ABSTRACT TRUNCATED AT 250 WORDS) 

PMED: 1502888 [PubMed - indexed for MEDLINE] 
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Somatostatin receptors in primary human breast cancer: quantitative 
analysis of mRNA for subtypes 1-5 and correlation with receptor protein 
expression aud tumor pathology. 

KumarU, Grigorakis SI , WattHL, SasjR, SnellL, Watson P, Chaudhari S . 

Fraser Laboratories For Diabetes Research, Department of Medicine, McGill University 
Royal Victoria Hospital, 687 Pine Avenue West, H3 A 1A1 Montreal, Quebec Canada 
ujendra.kumar@muhc.mcgill.ca 

Somatostatin receptors (SSTRs) have been identified in most hormone-producing tumors 
as well as in breast cancer. In the present study, we determined SSTR1-5 expression in 
primary ductal NOS breast tumors through semi-quantitative RT-PCR and 
immunocytochemistry. The results from the analysis of 98 samples were correlated with 
several key histological markers and receptor expression. All five SSTR subtypes are 
variably expressed at the mRNA level in breast tumors with 91% of samples showine 
SSTR1 , 98% SSTR2, 96% SSTR3, 76% SSTR4, and 54% SSTRS. SSTRl-5 are 
localized to both tumor cells and the surrounding peritumoral regions as detected by 
mimunocytochemistry. Levels of SSTR mRNA, when corrected for beta-actin levels 
were h.ghest for SSTR3 followed by SSTR1, SSTR2, SSTR5, and SSTR4. Furthermore 
there was good correlation between mRNA and protein expression with 84% for SST Rl' 
79% for SSTR2, 89% for SSTR3, 68% for SSTR4, 68% for SSTRS, and 78% for all five 
receptors. SSTR1, 2 and 4 were correlated with ER levels whereas SSTR2 showed an 
additional correlation with PR levels. These correlations were independent of patient age 
and histological grade. Moreover, using immunocytochemistry, blood vessels exhibited 
receptor-specific localization for SSTR2 and SSTR5. Our results indicate significant 
correlations between mRNA and protein expression along with receptor-specific 
correlations with histological markers as well as ER and PR levels. Differential 
distribution of SSTR subtypes in tumors and receptor-specific expression in vascular 
structures may be considered as a novel diagnosis for breast tumors with receptor subtype 
agonists. . 
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A traiiscriptomic and protcomic analysis of the effect of CpG-ODN on human 
THP-1 monocytic leukemia cells. 

KuoCC, KuoCW, U<mCM,UmgSM 

Institute of Bio Agricultural Sciences, Academia Sinica, Taipei, Taiwan. 

The CpG motif of bacterial DNA (CpG-DNA) is a potent immunostimulating agent whose 
mechanism of action is not yet clear. Here, we used both DNA microarray and proteomic 
approaches to investigate the effects of oligodeoxynucleotides containing the CpG motif (CpG- 
ODN) on gene transcription and protein expression profiles of CpG-ODN responsi ve THP-1 cells 
=Microarray analysis revealed that 2 h stimulation with CpG-ODN up-regulated 50 genes and 
down-regulated five genes. These genes were identified as being associated with inflammation 
antimicrobial defense, transcriptional regulation, signal transduction, tumor progression cell 
differentiation, proteolysis and metabolism. Longer stimulation (8 h) with CpG-ODN enhanced 
transcriptional expression of 58 genes. Among these 58 genes, none except one namely WNTI 
inducible signaling pathway protein 2, was the same as those induced after 2 h stimulation 
Proteomic analysis by two-dimensional gel electrophoresis, followed by mass spectrometry 
identified several proteins up-regulated by CpG-ODN. These proteins included heat shock 
proteins, modulators of inflammation, metabolic proteins and energy pathway proteins 
Comparison of microarray and proteomic expression profiles showed poor correlation Use of 
more reliable and sensitive analyses, such as reverse transcriptase polymerase chain reaction 
Western blotting and functional assays, on several genes and proteins, nonetheless, confirmed that 
there is indeed good correlation between mRNA and protein expression after CpG-ODN 
treatment. This study also revealed that several anti-apoptotic and neuroprotective related 
proteins, not previously reported, are activated by CpG-DNA. These findings have extended our 
knowledge on the activation of cells by CpG-DNA and may contribute to further understanding of 
mechanisms that link innate immunity with acquired immune response^). 

PMID: 15693060 [PubMed - indexed for MEDLINE] 



894 

Regular Article 



DOI TO.T002/pmia200401t44 

[ This material may be protected by C opyright law (Title 1 7 U.S. Code^ 



Proteomics 2005, 5, 894-906 



A transcriptomic and proteomic analysis of the effect of 
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1 Introduction 

Mammals protect themselves against pathogen infection pri- 
marily via innate ond adaptive immunity |)J. The innate 
immune system relies on a set of pattern recognition receptors 
(e g.. Toll-like receptors) to recognize foreign molecular struc- 
tures such as ^polysaccharide {LPS) and bacterial DNA [2, 3). 
innate immune cells recognize these molecular structures and 
initiate not only innate but also adaptive immunity by produc- 
ing immunomodulatory cytokines and activating T and B 
immune ceils [3]. Bacterial DNA can directly activate B cells to 
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proliferate and secrete immunoglobulins in a Tceil-independ- 
ent manner {4-6). It also induces B cells and monocytes to 
activate transcription factor NF-kB and secrete cytokines, 
including interleukin (1L) 12, tumor necrosis factor a (TNF-aj, 
and interferon ct/p [7-10]. The immunosHmuJatory activity of 
bacterial DNA has been assigned to unmethylated CpG motifs 
(GACGTTfor murine; GTCGTT for human) [i 1]. Recent evi- 
dence shows that synthetic oligodeoxynucleotides containing a 
CpG motif {CpG-ODN), like bacterial DNA with the CpG moi- 
ety (CpG-DNA), induce potent Thl -like immune responses 
that are protective against several infectious agents and 
immune disorders in animal models [1 2, J 3). Biologically a cbve 
CpG-ODN, like bacteria DNA, activates "macrophages and 
immature dendritic cells to increase expression of MHC class 
H and costimulatory molecules, thereby transcribing cytokine 
mRNAs, and producing pro-injQammatory cytokines including 
TNFtt, IL-1, \\A> and 1L-12 |9, 14-16). CpG-ODN can therefore 
serve as an adjuvant and immunomodulator in vaccines 
against a wide variety of targets, including infectious agents, 
cancer antigens and allergens [17J. 

. It has been suggested that unmethylated CpG-DNA-medi- 
ated immune activation functions through a toll-like receptor 9 
(TLR9) signaling pathway |18J. Endocytosis and sequentially 
endosomal maturation as weD as binding of heat shock protein 
(HSP) 90 to CpG-DNA are essential for induction of TLR9 sig- 
nal transduction |19, 2CJ. It has also been shown that recogni- 
tion of CpG-DNA causes TLR to form a dirrier, which recruits 
the adaptor molecule, myeloid differentiation factor 88 
(MyD88), through interaction between their Cteixninal ToB /1L- 
1R domains. This recruitment of MyD88 to the ToB/lL-lR do- 
main of TLR9 initiates a signaling pathway that sequentially 
involves IL-lR-assbdated kinase 1 and TNF-ct receptor-asso- 
ciated factor 6 1 18, 21, 22]. Studies using gene-deficient mice 
and RAW264.7 cells transiently transfected with dominant- 
negative forms of these molecules have indicated that the 
MyD88-mediated signaling pathway is essential for CpG-DNA- 
induced activation of NF-kB and c-Jun NH r terminal kinase 
(JNK), as welJ as subsequent production of cytokines in mono- 
cytic cells |1 8, 21 , 22). The precise mechanism of action of CpG- 
DNA and CpG-ODN, nonetheless, is still not thoroughly 
understood. To further elucidate the molecular events after 
binding of CpG-ODN to TLR9, in this study, we treated CpG- 
ODN responsive THP-1 cells with CpG-ODN and evaluated 
changes by using DNA microarray and proteomic approaches. 
We have discovered up-regulation of more than 50 disting- 
uished genes/proteins and identified induction of several anti- 
apoptotic and neuroprotecting genes by CpG-ODN treatment. 

2 Materials and methods 

2.1 Reagents 

Phosphorothioate- modified CpG-ODN and GpC-ODN were 
synthesized by MDBio (Taipei, Taiwan). Human specific 
ODN sequences are: CpG-ODN, S'-TCG TCG TTTTGTCGT 



TIT GTC GTT-3';' GpC-ODN, 5 -TGC TGC TIT TGT GCT 
J J I GTG CTT-3'. The mouse spedfic CpG-ODN sequence is 
S'-TCC ATG ACG TTC CTG ATG CT -3'. CHCA was from 
. Sigma (St Louis, MO, USA). 

£2 Celt culture 

Cell lines were obtained from the American Type Culture 
Collection; (Rockville, MD). Mouse RAW264.7 macrophage 
and human embryonic kidney 293 cells (HEK293) were cul- 
tured in DM EM supplemented with 10% heat inactivated 
fetal bovine serum, 100 U/mL penicillin, 100 pg/inL strep- 
tomycin sulfate, 200mmol/L L-ghitarnine, and 50 pM p-mer- 
captoethanol in a humidified atmosphere of 5% C0 2 at 37*C 
The medium was changed every 2 days for all experiments. 
Human THP-1 monocytic leukemia cells, which have been 
shown, to express TLR9 and respond to CpC^DNA stimula- 
tion (23, 24], were cultured in RPM J 1640 with the same sup- 
plements as for RAW264.7 cell cultures. 

2.3 Human cDNA microarray 

Total RNAs extracted from cultured THP-1 cells were isolated 
with TRIzol (Inyitrogen, Leek, The Netherlands) and submitted 
to Genasia Biotechnology (Taipei, Taiwan) for further proces- 
sing. In brief, 4 ug of total RNA from CpG-ODN stimulated or 
norma] THP-1 cells was labeled with a fluorescence marker 
(U-vision, (Taipei, Taiwan)). Different colored fluorescence dyes 
(Cy5 and Cy3) were used to distinguish total RNA from normal 
and ODN stimulated cells. The labeled RNA was used for 
hybridization with the Human 1 cDNA microchip from Agilent 
Technologies (Palo Alto, CA, USA). The chips were scanned and 
the expression pattern was analyzed using genechip software. 
Genes showing up-regulation or down-regulation of RNA levels 
were analyzed and identified on a genomic database as sug- 
gested by the manufacturer of the noicrochip. 

2.4 Protein preparation 

THP-1 cells were seeded in a 175 cm 2 tissue culture flask at a 
density of 10 6 cells per milliliter in culture medium. The cells 
were stimulated with or without 1.5 um CpG-ODN at defined 
times and harvested by centrifugation at A°C r 1000 x g for 
]5min. Cell peUets were washed twice with ice-cold PBS, 
jesuspended and sonicated in extraction buffer containing 
25 mM Tris-HCI {pH 7.5), 2mw p-mercaptoethanol and pro- 
tease inhibitor cocktail. After centrifugation at 10000 x g for 
20 mrn, ammonium sulfate was added to the supernatant until 
the fmaJ concentration reached 50% saturation w/v. The solu- 
tion wasstirredat4 ft Cfor30minandcenrjihjgedatl0000 x g 
for 30min at 4°C The supernatant fraction was then trans- 
ferred into a fresh tube, and the precipitated protein pellet 
solubilized in extraction buffer. To remove salts and other con- 
taminants, the extracts were treated with a pre-cooled {— 20*C) 
solution of 10% TCA in acetone with 0.07% fi-mercaptoetha- 
nol. Proteins were allowed to precipitate overnight at — 20"C- 
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After centrifugation, the pellet was washed with ice-cold ace- 
tone, containing 0.07% P-mercaptoethanoL The supernatant 
was discarded and the pellet dried in a SpeedVac system (Model 
AES1010; Savant, Holhrook, USA). 

2.5 2DE 

2-DE was performed using an lPGphore IEF and a Hofer 
DA IT vertical unit (Amersham Biosciences, Piscataway> NJ, 
USA). One milligram of dried protein sample was dissolved 
in 350 uL of rehydration buffer solution, containing 7 M urea, 
2 m thiourea, 4% w/v CHAPS, 5 mil tributyl phosphine, and 
2% IPG and loaded onto an immobilized pH 3-10 linear 
gradient strip (18 an), foDowed by rehydration for 16rr IEF 
was then performed in the following manner. 100 V for 
30mm, 250V for 30mm, 500 V for 30min, 1000 V for 
30 min, 4000 V for 30min, 6000 V for 55 000 Vh. At the end 
of IEF, the IPG strips were equilibrated for 15 min in buffer 
containing 6 m urea, 2% w/v SPS, 30% v/v glycerol, and 
50 mM Tris, pH 6.8, then reduced with 65 dim dithiorery- 
thritol (DTE) and subsequently alkylated with 135 mM 
iodoacetamide for another 15 min. After equilibration, the 
IPG strips were immediately placed on top of a 12% SDS^ 
PAGE (1.5 mm,. 20 x24 cm). The second dimension gels 
were then overlaid with molten 0.8% agarose solution in 
SDS electrophoresis buffer. Electrophoresis was performed 
at 16°C, starting at 10mA per gel for 1 b, followed by 45 mA 
per gel until the dye front reached the bottom of the gels. 

2.6 Staining and image acquisition 

Immediately after electrophoresis, gels were stained with 
SYPRO Ruby (Molecular Probes, Eugene, OR, USA). In 
brief, gels were fixed for 30 min in 10% methanol, 7% acetic 
acid, and then stained overnight in SYPRO Ruby stain. The 
staining solution was removed and gels were washed in 1 0% 
methanol and 7% acetic 3cid for 3 h. After staining, image 
acquisition was carried out on a Typhoon 9200 (Amersham 
Biosciences). To identify a protein, spot detection, quantifi- 
cation and matching of 2 D results were analyzed using 
ImageMasler software (Amersham Biosciences). The M t of 
the proteins were calibrated according to the LMW-SDS 
Marker Kit (Amersham Biosciences), and their pi values 
were estimated from the position of the protein spots on the 
2-D gel 3nd confirmed with the information supplied by the 
manufacturer Since most of the pi values for the truncated 
proteins had not been reported previously, the pi values of 
the truncated proteins were estimated from the position of 
the observed spots. To omit the variation due to the use of 
separate gels, after background subtraction, the intensity 
levels of pjotein spots on each gel were normalized as a pro- 
portion of one reference spot, and protein quantities were 
calculated by integrating the density- over the spot area. Pro- 
tein spots that showed reproducible modulation exceeding 
-80% after CpG-ODN treatment in thiee experiments were 
further analyzed by MS. 
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2.7 In-gel digestion with trypsin arid extraction of 
peptides 

Protein spots were excised from stained gels and cut into 
pieces. In brief, gel spots were dehydrated with ACN for 
lOinin and dried in a vacuum centrifuge. Gel pieces were 
resweDed with 55 mw DTE in 25 mM ammonium bicarbon- 
ate (pH 8.5) at 37°C for 1 h. The solution was then exchanged 
with alleviation solution, which contained lOOrriM iodoaceta- 
mide in 25 dim ammonium bicarbonate (pH 8.5)„ at room 
temperature for 1 h. After- aBcylation, the gel pieces were 
washed twice with 50% ACN in 25 mM ammonium bicarbo- 
nate (pH 8.5) for 15 min. The wash solution was discarded 
and the pieces of gel were dehydrated with ACN for 10 min 
and dried in a vacuum centrifuge. Tryptic digestion was 
initiated by reswelh'ng the gel in 25mw ammonium bicar- 
bonate solution with 25 ng of trypsin (Promega, Madison, 
WI, USA). After incubation at 37°C for 16h, tryptic peptides 
were extracted twice with 50% ACN containing 5% formic 
acid for 15 min with moderate sonication. The extracted 
solutions were pooled and evaporated to dryness in a vacuum 
centrifuge. The dried peptide mixture was dissolved in 0.1% 
formic acid and used for MS. 

2.8* MALDI- Q-TOF MS and protein identification 

Tryptic peptides analyses were performed using a Micromass 
Q-TOF Ultima MALDI (Micromass, Wythenshawe, U.K.) 
equipped with a 337 nm nitrogen laser and operated in 
reflectron positive ion mode. Peptide mixtures (1 uL) were 
premixed with 1 uL of the matrix (5mg CHCA in 50% ACN 
with 0.1% TFA) then spotted onto the MALDI target plate. 
Mass spectra were acquired for the mass range of 900- 
350Q Da and the individual spectra from MALDI MS or MS/ 
MS were processed using the Micromass MassLyrut 4.0 soft- 
ware. The generated peak list files were used to query the 
Swiss-Prot database using the MASCOT program (http;// 
www.matrixscience.com) with the following parameters: 
peptide mass tolerance, 50ppm; MS/MS ion mass tolerance, 
0.25 Da; allowance of missed cleavage, 1; and consideration 
for variable modifications such as oxidation of methionine 
and carboxyamidomethylation of cysteines. Only significant 
hits as defined by MASCOT probability analysis were con- 
sidered initially. In addition, when the PMF matches were 
between 5 and 9, at least one peptide sequence was manually 
checked by MALDI MS/ MS analysis. 

2.9 RT PCR analysis 

cDNA from THP-) cells was produced with Superscript 11 
reverse transcriptase (Invitrogen) using a oligo(dT) )5 primer 
for 1 h at 42°C. PGR of cDNA was performed using specific 
primers for the gene of inteiest and control ($-actin- All PCR 
products were electrophoiesed on a J. b% agarose gel, and 
DNA bands were visualized by staining the gel with ethi- 
dium biomide. 
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2.10 Imrnunoblotting 



3 Results 



Human THP-1 or mouse macrophage RAW264.7 cells 
{5 x 3 x lO^/well) were cultured in a six-well culture 
plate and treated with or without 1.5 um CpG-ODN for 
the . designated times. After stimulation, cells were harvest- 
ed by centrifugation at 1000 x g for ISrniri in a refri- 
gerated centrifuge and washed twice with cold PBS buffer. 
The cells were fysed on ice for IS.min with. 300 uL lysis 
buffer (Pierce, Rockford, USA), supplemented with pro- 
tease mhibitor cocktail (Sigma). The fysates were cen- 
trifuged at 12000 x g for 15rnih at 4"C, and protein 
concentrations of supernatant were determined using the 
Bio-Rad Protein Assay (Hercules, CA t USA). The lysates 
(50 fig of protein/lane) were subjected to 12% SDS-PAGE 
and transferred to NC membranes (Amersham Bio- 
sciences). The membranes were blocked in PBS-0.1% 
Tween 20 (PBST) containing 5% non-fat skim milk at 
room temperature for 1 b, followed by staining with anti- 
ADP-ribosylation factor 3 (ARF-3) monoclonal antibody. 
(0-1 ug/mL; Sigma). The membranes were then incubated 
with horseradish peroxidase-conjugated secondary anti- 
body (dilution, 1:3000) for 1 h. After washing three times 
with PBST, specific bands were detected by chemilumi- 
nescence according to the manufacturer's protocol 
(Amersham Biosciences). 

2.1 1 Cell transfection and lucif erase assay 

HEK293 cells (5 x 3 x 1 Orwell) were transfected using 
FuGENE 6 (Roche Molecular Biochemicals, Indianapolis, 
IN, USA) phis 0.1 ug p5xNF-KB-Iuc (Stratagene, La Jolla, CA, 
USA), 0.05 ug pCDNA3.1-0-gaiactosidase, and pCDNA3.1- 
hTLR9 overnight The cells were incubated with or without 
1.5 um CpG-ODN for 8h and then lysed. NF-kB luciferase 
activity assays were performed as recommended by the 
manufacturer (Promega). p-galactosidase activity was used to 
normalize the data. 

2.12 Enzyme activity assay 

Pyruvate kinase activity was assayed in a solution (1 ml) 
containing lOOmM Tris-HCI (pH 8.0), 100mM KCl, lOrnM 
MgClj, 0.2 mM NADH, lOmM PEP, 1.5 dim ADP, lunit of 
lactate dehydrogenase, and an appropriate amount of cell 
lysate from CpG-ODN untreated or treated THP-1 cells. The 
reaction was monitored at 30°C for a period of time by 
measuring the decrease in absorbance at 340 nm. PGK ac- 
tivity was assayed in a coupled reaction with glyceraldehyde 
3-phosphate dehydrogenase (GAPDH) as described by Lee 
[25]. In brief, the assay was performed at 30°C in a total vol- 
ume of ] mL containing 100mM Tris-HCI (pH 7.9) , 10mM 
MgCl 2 , 0.15 mM NADH, 2mM ATP, 6mM 3-pbosphogIyce- 
rate, 0.] mg/mL BSA, 50mg of GAPDH, and an appropriate 
amount of cell lysate. NADH consumption was monitored at 
340 nm. 



3.1 Effect of CpG-ODN on gene expression profiles of 
human THP-1 cells 

To elucidate the effect of CpG-ODN on gene expression, 
THP-1, a cell line known to express TLR9 and respond to 
CpG-DNA (23, 24) was cultured with or without CpG- 
ODN. Since preliminary experiments showed that 1.5 pM 
CpG-ODN caused more contrasting results between nor- 
mal and CpG-ODM treated cells, 1.5 jim CpG-ODN was 
used throughout the experiments. To distinguish CpG- 
ODN treated samples from the control, total cellular RNA 
of normal and CpG-ODN treated cells was isolated and 
labeled with the fluorescence dyes, Cy5 and Cyi, respec- 
tively. The labeled RNA was then used for hybridization 
with a Human 1 cDNA microchip from Agilent Technol- 
ogies. . Of the 13 000 human . genes- represented on the 
gene array, a total of .55 genes changed expression sign- 
ificantly after 2h CpG-ODN treatment Among these, 
50 genes were up-regulated while five genes were down- 
regulated by a factor > 2. These genes were sorted by 
functions and are listed in Tables 1 and 2. They included 
notably, 1L-18 receptor accessory protein, MSG A beta 
gene, thioredoxin, pro-pol-dUTPase polyprotein, Spl40, 
connexin 59 gene, Grb2-like 2, enoyl-coenzyme A hydra- 
tase, propionyl coenzyme A carboxylase, cytochrome P450, 
and WNT1 inducible signaling pathway protein 2 (W1SP- 
2) etc. The function of these genes are known to be relat- 
ed to inflammatory responses, antimicrobial defense, 
transcriptional regulation, intracellular signal transduc- 
tion, tumor progression, cell differentiation, proteolysis 
etc. 

Table 1. Genes up-regulated {> 2 fold) in human THP-1 cells after 
2 b of CpG-ODN treatment 



Gene name and description 
{changed fold > 2) 



Genebank 
number 



Inflammation and receptor 

IL-18 receptor accessory protein 
T cell receptor V beta gene 
MGSA, beta gene 
Antigen gene (PA) 
TIED 

Platelet activating receptor 

Antimicrobial defence 
Thioredoxin 

Pro-Pol-dUTPase polyprotein 
Nuclear body protein Sp140 

Transcriptional regulation 

Putative transcription factor LUZP 

General transcription factor H, I, pseudogene 1 

Connexin 59 gene 

Basic helix-loop-helix protein class B 1 
tBHLHBI) 



AF077346 

X58806 

U030T9 

M21896 

NM_004791 

AF002986 

NIVL003329 
AC004748 
U 634 20 

AI98627 1 
A!7 00706 
L29277 
AF221520 
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Table 1. Continued 



Gene name and description 
(changed fold> 2) 



TabJe 2. Genes down- regulated {> 2 fold) in human THP-1 cells 
after 2 h of CpG-ODN treatment 



Genebank 
number 



AF 041 449 



U44103 
AI125364 



. Regulatory protein 
Advillih 

Channel and transport . 
Small GTP binding protein Rab9 
FXYD domain-containing ion transport 
regulator 1 

Signal transduction 

SH3-ddmain Grb2-like 2 
Titin 

Titin associated protein (165 kD protein) 
KIAA1451 protein 

Vasoactive intestinal peptide receptor 

Enzyme and protease 

Enoyl-Coenryme A, hydratase 

Nephrin, B-type metallocarboxypeptidase 

Propionyl Coenzyme A carboxylase 

Acyloxyacyl hydrolase (neutrophil) 

Cytochrome P450 

Intestinal alkaline phosphatase 

Tumor progression and cell differentiation 
Retinoblastoma 1 

Human genomic DNA of 9q32 antt-oncogene 

of flat Epitherium cancer, 

segment 6/10 
WNT1 inducible signaling pathway protein 2 

(WISP-2) 

Structure protein 
Collagen, type IV, alpha 6 
Beta Myosin heavy chain 

Other 

Homo sapiens Cri-du-chat region mRNA, 

clone NIBB11 
Human mRNA for laminin alpha 5 chain, 

partial cds- 
NIK like and Thyr ox in-binding 

globulin precursor 
Hypothetical protein DKFZp434fW0331 
Hypothetical protein FLJ11021 similar 

to splicing factor 
Hypothetical protein 
Chromosome 18 open reading frame 1 
Arfaptin 1 

Zinc finger protein 8 (ZFP8) 

Zinc finger protein 137 (clone pHZ-30) 

OJfactomedin related ER localized protein 

Cyclin-dependent kinase 8 

Integrin, alpha 1 

KIAA0421 protein 

KIAA1233 protein 

Unnamed protein product 

NBL4 

BC331191 1 



AF036268 

X90568 

X69089 

AB040884 

U11087 

AI800553 

U65090 

AB011145 

M62840 

U79716 

M31008 



LI 1910 

AB036268 



AF 100780 



D21337 
M58018 



U52827 

AB010099 

Z83850 

AL137720 
AK023985 

AL 049851 

NM_004338 

AW408785 

M29581 

U09414 

AI738468 

BE467537 

D87462 

AB007881 

AB033059 

A K 026362 

X75535 

AAD39268 



Gene name and description 
(changed fold > 2) 



Genebank 
number 



Zinc-finger horneodomain protein 4 
Human protein kinase MEKK2b rnRNA, 

complete cds. . 
Glypicari 5 

Human genomic DNA, chromosome 22q11.2, 

clone N75A12. 
Collagen, type I, alpha 1 



BAB03600 
AF239798 

U66033 
AP000362 

Z74615 



Longer stimulation of THP-1 cells with CpG^ODN (8h) 
resulted in the up-regulation of 58 genes. These genes in- 
cluded notably IL-10 receptor beta, formyi peptide receptor- 
Kke 1 (FPRU), vitamin D receptor; nudear receptor sub- 
family 1 (btR), early B-cell factor, protein kinase C gamma 
(PKCJ, Nek, Ash, phospholipase C binding protein (NAP4), 
phosphoriboxyl pyrophosphate arnidotransferase, dishev- 
eled 3, WISP-2 etc Analysis of the functions of the 58 up- 
regulated genes showed that they are associated with anti- 
inflammation, transcriptional regulation, intracellular signal 
transduction, tumor progression, cell differentiation, pro- 
teolysis, neurodegeneration, neuroprotection etc. (Table 3). 
We also found that the stimulation of THP-1 cells with CpG- 
ODN for different periods of times resulted in different pro- 
files. Several defense related genes such as IL-18 receptor 
accessory protein, Pro-Pol-dUTPase polyprotein, Spl40 and 
connexin 59 were transiently up-regulated at 2 h short stira- 

Table 3. Genes up-regulated (> 2 fold) in human THP-1 cells after 
8h of CpG-ODN treatment 



Gene name and description 
(changed fold > 2) 



Genebank 
number 



Inflammation and receptor 

IL-10 receptor (beta) 

Formyi peptide receptor- like 1 IFPRL1) 

Vitamin D receptor 

NMDAR1 

CD44 antigen 

Nuclear receptor subfamily 1 (LxR) 
Neuromedin B receptor 

Transcriptional regulation 

Early B-celMactor (ebf) 

Neurogenic differentiation 1 (NeuroD) 

MAX dimerization protein 1NESH protein) 

Ribosomal protein $6 kinase 

ASH2L 

Regulatory protein 

Hypothetical protein DKFZp434H0820 
Peroxisomal famesylated protein 
LTBP4 " 

Neuronal penUaxin tl 



U08988 

AF081535 

J03258 

Z32774 

AW028346 

NM_005693 

M73482 

AF208502 

AB018693 

AB037886 

AF090421 

AB022785 



AL137555 
X75535 
AF051344 
U29195 
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Table 3. Continued 



Gene name and description 
(changed fold > 2) 



Channel and transport 
Gamma-aminobutyric 161} A receptor 
ATP synthase sybunit F6 
Transient receptor potential channel 1 
Choroidererma (Rab escort protein 1) 

Signal transduction 
Protein kinase C r gamma 
Regulator of G protein signaling 5 
Nek, Ash and phospholtpase G binding . 

protein INAP4) 
Highly similar to adey late kinase gene 

Enzyme and protease 
Phenylalanine hydroxylase 
Car boxy peptidase A 1 
Xylulokinase 
Pancreatic lipase 
Ubi quit in specific protease 12 
Transmembrane protease, serine2 
Aspartate bata-hydroxylase 
Phosphoribosyl pyrophosphate 
amidotransf erase 

Tumor progression and cell differentiation 

CDC 23 

WISP-2 

Microseminoprotein, beta 
Dishevelled 3 

Structure protein 

Trichohyalin 
Kertain 

Other 

Human transferrin pseudogene 
TIMP-2 

Collagen-like protein 

Human genomic DNA, chromosome 21q, 

section 60/105 
Human genomic DNA, chromosome 21q, 

section 64/105 
KIAA0136 
KIAA0379 
KIAA04B9 
KIAA1114 
KIAA1451 
KIAA0756 

Zinc finger protein 267 

Hypothetical protein FU10633 

Hypothetical protein EUROIMAGE 1955967 

Mybl homolog like 1 

Antizyme inhibitor 

Disintegrin like and metaMoprotease 

(reprolysin type) with Thrombospondin 

type 1 motii, 3 
ADP-ribosylatioo factor 3 (ARF-3> 
Testis specific protein, Y linked 
Unnamed protein 



Genebank 
number 



Table 4. List of antimicrobial and anti-inflammatory genes 
modulated by CpG-ODN treatment of THP- 1 cells 



NM_004961 
M37104 
Z73903 
X57637 

Z15114 

AI674S77 

AB005216 

AB016886 

AA203389 

X67318 

AK001205 

J05125 

AF022789 

U75329 

U03109 

D13757 



AF053977 
AF100780 
M34376 
NM_004423 

L09190 
AF061809 

M22376 
U44383 
U67921 
AP001716 

AP001720 

D50926 

AB002377 

AB007958 

AL049732 

AB040884 

AB018299 

AF220492 

AK001495 

AK026108 

AK001893 

D88674 

AB002364 



M74497 
M98525 
AK026042 



\J tTI It? HafHt? 


oeneoanic 


Expression fold 




number 


2 b 








8h 


Connexin 59 gene 


L29277 


2.12 ± 0,05 


1.74 ±0.08 


IL-18 receptor 


X58806 


2.32 ± 0.21 


1.19 ±0.13 


accessory protein 








Integrin, alpha 1 


X68742 


2.01 ± 0.03 


1.05±0.10 


Nuclear body protein 


U63420 


2.22 + 0.11 


1.39 ±0.04 


Sp140 








Pro-Pol-dUTPase 


ACO04748 


2.33 ± 0.18 


0.95 ±0.03 


polyprotein 








Thioredoxin 


NM_003329 


2.20 ±0.08 


1.07 ± 0.01 


FPRL1 


AF081535 


0.95 ± 0.06 


2.13 ±0.11 


IL-10 receptor 


U08988 


1.22 ± 0.18 


2.21 ± 0.07 


LxR 


NM_005693 


0.90 ± 0.03 


2.37 ±0.31 


Vitamin D receptor 


J03258 


1.37 ± 0.23 


2.39 ±0.11 



Expression fold is designated as the ratio of CpG-ODN treated 
over control 



illation but were down-regulated thereafter, while arxti- 
inflamrnatoiy associated genes such as FPRU, IU0 recep- 
tor, vitamin D receptor and txR were up-regulated after 8h 
stimulation (Tables 1, 3 and 4). 

3.2 Verification of the microarray results with RT-PCR 
or Western blotting 

To verify the results from the microarray analysis,, we. also 
performed RT-PCR on the up-regulated genes {Fig. 1). Con- 
sistent with results obtained in the microarray gene expres- 
sion analysis, RT-PCR studies showed that the rnRNA levels 
of some selected genes, including ubiquitin specific pro- 
tease 12, regulator of G-protein signaling 5, NAP4 and 
ASH2L, were increased in response to CpG-ODN (Fig. 1, 
Table 3). In addition, the protein expression level of ARF-3 



- GpC-ODM 



CpG-ODN 



Untreated 



8 



8 



Ubtqttitjn specific 
protease M 

Regulator of G- 
proton signaling 5 

NAP4 i 
ASH2L 

Actin 



""■ ' aWsnp&fc - - 





Figure 1. Induction of various genes by CpG-ODN. THP 1 cells 
were stimulated with medium alone, 1.5 pM GpC-ODN (as the 
negative control) or CpG-ODN for the indicated times. -RT-PCR 
was then performed to analyze gene, expression levels, p-actin 
was used as an internal contiol. The experiment was repealed 
three times with similar results. 
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Figure 2. CpG-ODN induced ARF-3 protein expression in human 
THP-1 or mouse RAW264.7 cells. THP-1 (A) or mouse RAW264.7 
tB> cells were incubated whh 1.5 m CpG-ODN for the indicated 
time points. The protein expression level of ARF-3 was deter- 
mined by Western blotting of cell extracts using anti-ARF-3 anti- 
body. The experiment was repeated three times with similar 
results. 

was shown to increase in Western blotting analysis in cell 
lysates from THP ] cells treated with CpG-ODN for S-24h 
(Fig. 2A). Similar studies showed that the ARF-3 protein was 
also induced by mouse specific CpG-ODN in other TLR9 
expression cell lines such as the mouse macrophage 
RAW264.7 cell line (Fig 2B). 

3.3 Proteins regulated in CpG-ODN stimulated THP-1 
cells 

To further assess whether there "was any correlation between 
regulation of gene expression and expression of cellular pro- 
teins, a proteomic approach was adopted to identify protein 
expression profiles. THP-1 cells were treated with CpG-ODN 
for defined times (from 8 to 40h), and their cytoplasmic 
proteins were extracted for 2-DE analysis- Although the use 
of high concentrations of urea might give us a broader view 
of all the proteins afFected by CpG-ODN, preliminary results 
from 2-D gels showed (hat the resolution of the protein mix- 
tures were not satisfactory. To improve and get the best reso- 
lution from 2-DE, total proteins were roughly separated into 
supernatant and precipitated fractions using 50% saturated 
ammonium sulfate solution. To remove salts and other con- 
taminants, both protein fractions were precipitated with TCA 
solution and then subjected to 2-DE. By protein spot deter- 
mination analysis, about 500 and 450 well-resolved spots 
were observed on each pH 3.0-10.0 gel for precipitated or 
supernatant fractions, respectively Comparative analysis of 
2-DE between treatments and control showed that the inten- 
sities of the protein spots from the ammonium sulfate pre- 
cipitated fraction did not change, while several protein spots 
were up-regulated by at least -80% in the supernatant frac- 
tion of 8h CpG-ODN stimulated THP-1 cells (Fig. 3); 

The protein spots were individually excised from gels for 
further identification. After trypsin digestion, several protein 
spots were identified without ambiguity by MS MALD1- 
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Figure 3. the effect of CpG-ODN on the 2-DE profile of THP-1 
cells. THP-1 cells were treated with or without 1.5 pM, CpG-ODN 
for 8h. Total proteins were extracted and roughly separated into 
two fractions by 50% saturation with ammonium sulfate.. The 
supernatant fraction was then separated by Protein spots 
were vtsuafoed by SYPRO Ruby staining. Comparison of CpG- 
ODN treated THP-1 cells to untreated cells showed that these 
proteins changed in intensity by over 80%. Protein spots were 
identified by trypsin digestion and MS. Localization of protein 
spots 1 {enoly-co enzyme A hydratase), 2 (proteasorne a) and 3 
(cyclophilin A; two isoforms) are shown. The experiment was 
repeated three times with similar results. 

TOR These proteins included HSP60, HSP90, cyclophi- 
lin A, enoyl-coenzyme A hydratase, eukaryotic translation 
elongation factor, proteasorne a and 0 chain and ATP syn- 
thase beta chain (Table 5). Similar experiments on cells 
treated for a longer period of time with CpG-ODN stimu- 
lation (25 h) revealed that 27 protein spots were changed in 
intensity by at least -80%. These protein spots contained 
members of HSPs (HSP27, hsc70, grp78 and grp94). 
metabolic enzymes (phosphoglycerate kinase (PGK) and 
pyruvate kinase (PYK)), macrophage capping protein and 
cyclophilin A (Table 6). Among these proteins, macrophage 
capping protein, PGK, PYK, cyclophilin A and HSP27 
(Figs. 4 and 5A) were found to be up-regulated. Interest- 
ingly, we found that a truncated form of grp78 with an 
expected mass of 25 kDa arid pi of 5.3 was up-regulated 
while grp78 itself was down- regulated. A similar situation 
was also found for grp94 and hsc70 and their truncated 
derivatives (Table 7 and Fig. 5). In addition, we also ob- 
served six down-regulated piotein spots on 2-D gels in 
samples after 25 h CpG-ODN treatment. Among these six 
proteins, we have successfully identified three as 40s lipo- 
somal protein SA, grp78 and hsc70, respectively (Table 6), 
while the other three, due to their relative low abundance, 
have not been identified yet. 
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TableS, List of proteins modulated by 8 h CpGODN treatment ' 


Protein name 


Accession M t 




Matched 


Cover- 


Score 


Expression 


* 


no. itheor) 


Itheor.) 


no. 


age% 




fold 


ATP synthase beta-chain 


gi11454? 56 525 


5.26 


16 


58 


171 


2.33 ± 0.06 


CyclophiJinA 


P05092 17 870 


7.82 


5 


35 , 


62 


2.85 ±0.13 


Enoyl-Coenzyrne A 


gi4503447 a> »35 971 


6.61 


11 


44 


62 


2.52 + 0.05 


hydrolase 














Eukaryottc translation 


gi4503481 50 087 


6.25 


6 


25 


68 


3.41+0.21: 


elongation factor 














HSP60 


PtOSO^* 57 963 


5.24 


13 


27 


76 


2.78 ± 0.03 


HSP90-beta 


P08238 83 133 


4.97 


10 


18 


65 • 


2.36 ±0.10 


Prbteasome a chain 


g$4506181 25 882 


6.92 


11 


59 


80 


2.52 ± 0.11, 


Proteasome 0 chain 


g»4506193 26472 


8.27 


9 


46 


84 


335 ± 0.17 



Expression fold is designated as the ratio of CpG-ODN treated over control 

a) , NCBI accession number 

b) Swiss-Prot accession number 



Table R List of proteins modulated by 16 and 25 h CpG-ODN treatment 



Protein name 


Swiss-Prot M, 


P' 


Match- 


Cover- 


Score 


Expression fold 




no: 


{theor.) 


Itheor.) 


ed no. 


age% 




16 h 


25h 


Cyclophirin A 


P05092 


17 870 


7.82 


5 


35 


62 


2.53 ± 0.02 


2.48 ±0.15 


78kDa glucose regulat- 


P11021 • 


72 288 


5.07 


13 


30 


148 


0.61 ± 0.04 


0.29 ± 0.06 


ed protein (grp78) 


















HSP27 


P04792 


22 768 


5.98 


12 


59 


124 


1.00 ± 0.01 


2.61 ± 0.12 


Heat shock cognate 


PI 11 42 


70854. 


5.37 


16 


34 


114 


0,64 ± 0.01 


0.31 ± 0.03 


70kDa protein 


















thsc70) 


















Macrophage capping 


P40121 


38 494 


5.88 


9 


30 


58 


1.31 ±0.01 


2.58 ± 0.03 


protein 


















Phosphogtycerate 


P00558 


44 284 


7052 


11 


33 


71 


2.32 ± 0.11 


4.23 ± 0.19 


kinase 


















Pyruvate kinase 


P14618 


57 710 


7.95 


17 


32 


114 


1.65 ± 0.07 


2.70 + 0.12 


40s ribosomal protein 


P08865 


32 833 


4.79 


5 


23 


61 


0.33 ± 0.02 


0.35 ± 0.05 



SA (RSP40) 



Table 7. List of truncated proteins detected in THP-1 cells after 25 h CpG-ODN treatment 



Protein name 


Swiss-Prot 


M, 


p/ 


Matched 


Cover- 


Score 


Expression 




no. 


fobs.) 


tobs.) 


no. . 


age% 




fold 


94 kDa glucose-regulated 


PI 4625 


: -59 700 


-5.00 


12 


14 


104 


New 3 * 


protein Igrp94) 
















Truncated form of grp78 


P11021 


-25 000 


-5.30 


12 


22 


75 


New 


Truncated form of hsc70 


P11142 


-22 000 


-5.80 


12 


20 


96 


New 


Truncated form of hsc70 


P11142 


-19000 


-6.10 


11 


18 


113 


New ■ 



a) New designated proteins detected in the CpG-ODN treated gel but not in the corresponding control gel 



3.4 Comparison of microarray and proteomic results 

Table 8 shows the expression of six genes and their corre- 
sponding proteins that were modulated by 8h treatment of 
THP-I cells with CpG-ODN- Besides enoyl -coenzyme A 
hydratase, there was poor correlation between the expression 



of genes and their corresponding proteins (Table 8), sug- 
gesting that more in-depth studies were needed. To further 
evaluate whether changes observed in protein expression 
correlated with changes in mRNA levels, we randomly chose 
two proteins (PGK and PYK) that were induced after 16h 
CpG-ODN treatment and determined their mRNA levels by 
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(B) 



p/ 3 



10 




F»9we 4. 2-D gel electrophoretic analysis of CpG-ODN-treated 
THP-1 cells. (A) Tola! cell protein from unstimulated THP-1 cells 
was subjected to 2-DE. IB) THP-1 celts were treated with or witrn 
out 1.5 pM CpG-ODN for defined times. Cellular proteins were 
extracted and separated by 2-DE. Several up-regulated proteins 
are shown in the SYPRO Ruby staining gel. Comparison of CpG- 
ODN treated THP-1 cells to untreated cells showed that these 
proteins changed in intensity by over 80%. The experiment was 
repeated three times with similar results. 




grp7B =T 



C$kDa 




Figure 5. 2-D gel electrophoretic analysis of CpG ODN-treated 
THP-1 cells. THP-1 cells were treated with or without 1.5 MM CpG- 
ODN tor defined rimes. Cellular proteins were extracted and 
separated by 2-DE. Protein spots were detected by SYPRO Ruby 
staining. (A) Expression of HSP27 was induced by increasing the 
period of CpG-ODN stimulation. A truncated form of hsc70 was 
delected on the gel. (Bi The native form of gtp78 was detected in 
untreated cells, while ihe truncated form of grp78 was observed 
after 25 h stimulation. The experiment was repeated three times 
with similar results. 
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Table a Comparison of gene and protein expression levels in 
THP-1 cells after 8 h CpG-ODN treatment 



Protein name 


Gene 


Protein 




expression 


expression 




fold from 


fold from 




rnicrparray 


2-D gel 


Enoyr-Coenzyme A hydrolase 


1.72 ± 0.31 


2.52 ± 0.05 


Eukaryotic translation 


0.95 ± 0.01 


3141 ±0.21 


elongation factor 






HSP60 


0.94 ± 0.07 


2.78 ± 0.03 


HSP90-beta 7 """ 


1.58^:0.11 


2.36 ± 0.10 


Proteasome a chain 


0.98 ± 0.03 


2.52 ±0.11 


Proteasome p chain 


1.09 ±0.11 


3.85 ± 0.17 



RT-PCR. Our results showed that niRNA levels of PYK 
increased after 16h Cr>G-ODN treatment, while mRNA 
levels of PGK were dramatically increased -after 24 h stimu- 
lation (Fig. 6). In addition, we also performed enzyme 'activ- 
ity analysis and found that the activity of PGK and PYK were 

3.5 
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0 2 4 8 
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Figure 6. Activities of PYK and PGK induced by CpG-ODN. THP1 
cells were stimulated whh medium alone, 1.5 pM GpCODN fas 
the negative control) or CpG-ODN for Ihe indicated times. Cell 
lysates were extracted and assayed for (A) PYK and IB) PGK ac- 
tivities. Data represent mean ^ SEM. |n = 3). 
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Figure 7. IniJuction of PYK and PGK transcripts by CpG-ODN. 
TUP 1 cells were stimulated with medium alone, 1.5 pi* GpOODN 
or CpG-ODN for the indicated times. RT-PCR was then performed 
to analyze gene expression, p-actin was used as an internal con- 
troL The experiment was repeated three times with similar J 
results. 

indeed increased by a factor -25 after CpG-ODN stimula- 
tion (Kg. 7). To confirm that mRNA induced by CpG-ODN 
would also be accompanied by an increase in protein 
expression even though it was not detected in 2-D gel anary T 
sis, we used more sensitive and specific Western blotting 
analysis. As shown in Table 3 and Fig. 2, ARF-3 was identi- 
fied in the microarray gene profile but not in the proteomic 
expression profile. Nevertheless, we observed enhanced pro- 
tein expression of ARF-3 after CpG-ODN stimulation by 
Western blotting. Moreover, to investigate whether the up- 
regulation of ARF-3 by CpG-ODN is mediated through the 
TLR9 pathway, TLR9-deficient HEK293 cells were transiently 
cotransfected with hTLR9 and luciferase-reporter gene driv- 
en by a NF-KB-dependent promoter. Our data showed that 
NF-kB activity of untransfected HEK293 cells were not 
responsive to CpG-ODN stimulation, while in transfected 
HEK293 cells expressing hTLR9, NF-kB luciferase activity 
was up-regulated 12-fold after 8h CpG-ODN stimulation. 
The activation of NF-kB induced by CpG-ODN was blocked 
by pretreatment of the transfected ceils with an ARF-3 in- 
hibitor, such as brefeldinA (Fig. 8), suggesting CpG-ODN 
induces ARF-3 and activates NF-kB after the interaction of 
CpG-ODN with TLR9. 

4 Discussion 

In this study both microarray and proteomic approaches 
were used to evaluate the eJTect of CpG-ODN on gene/pro- 
tein expression profiles of THP-1 cells at several time points. 
Comparison of the gene expression profiles showed that 
stimulation of the cells with CpG-ODN for different periods 
of time resulted in different profiles (Tables 1-4). The differ- 
ences in mRNA expression between the cells with short and 
long stimulation could be attributable to the low reproduci- 
bility. However, to avoid experimental variations, we not only 
used the same batch of microarrays from the same manu- 
facturer but also applied the samples of short and long term 
stimulation at the same time. In this way, we found that the 
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changes in expression fold of mRNA after CpG-ODN treat- 
ment were quite reproducible as shown by their mean 
± SEM (Table 4). A more likely explanation for the difference 
in the expression level of mRNA after different periods of 
stimulation with CpG-ODN is that the transient increase or 
decrease in these mRNA by CpG-ODN plays a significant 
role in modulating biological functions. For example, we 
found that the 1L-18 receptor accessory protein from THP-1 
cells was up-regubted after 2h of CpG-ODN stimulation. 
The 1LJ8/IL18R system is known to activate Thl-mediated 
immune responses that play a critical role in host defense 
against infection [26]. Together with IL-18/IL18 R, several 
genes lor antimicrobial defense were also increased, includ- 
ing thioredoxin, Pro-Pol-dUTPase pplyprotein and Spl40. 
After 8h of CpG-ODN stimulation, however, none of these 
genes was activated any more (Table 4): Since sustained or 
excessive production of these antimicrobial molecules might 
lead to inflammation and cellular damage |27J, a plausible 
explanation is that THP-1 cells fight against the invasion of 
pathogens by uj>reguhting antimicrobial defense-associated 
genes at an early stage of stimulation and then shut khem 
down to avoid over-activation. Whether this explanation is 
true remains to be verified. 

It is noteworthy that our data also identified the up-ieg- 
ulatiori of several anti-mflarnmatory associated genes after 
8h of CpG-ODN stimulation. These genes included FPRL1, 
1L-10 receptor, vitamin D receptor, and LxR (Table 3). FPR 
and FPRL1 have been defined as chemotactic factors 
involved in host defense against bacterial infection and in the 
clearance of damaged cells. Additional studies have indicated 
that FRPL1 interacts with a menagerie of structurally diverse 
pro- and anti-inflammatory ligands associated with diseases, 
inducting amyloidosis, Alzheimer's diseases, prion disease 
and HIV [28, 29]. Therefore, FPRL1 may play an important 
role in regulating and/or balancing the production of pro- 
and anti-inflammatory molecules in CpG stimulated THP-1 
cells. Additionally, a recent study has demonstrated that LxRs 
and their ligands act as negative regulators of macrophage 
inflammatory gene expression and inhibit the expression of 
inflammatory mediators such as inducible nitric oxide syn- 
thase, cyclooxygenase and 1L-6 in response to bacterial 
infection or LPS stimulation (30J. Of interest, we found that a 
transaiption fartor gene connexin 59, a regulator of 1L-6 
expression, was up-regulated after 2 h of CpG-ODN stimula- 
tion. It is thus likely that CpG-ODN stimulation of THP-1 
cells for 2 b may induce the expression of the pro-inflamma- 
tory cytokine 1L-6 through the up-regulation of the connexin 
59 gene, while 8h of CpG-ODN treatment may counter- 
balance the initial inflammatory response by inducing LxR to 
inhibit JL-6 production. 

Signal transduction molecules play an important role in 
cellular activation. Intracellular signal transduction systems 
employing various inrermolecular interactions through 
docking elements, including SH2 and SH3 domains, have 
been reported 1 31-33]. Here we found that THP-1 ceils 
treated with CpG-ODN foT 2 h upregulated gene expression 
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of Grb2-liVe protein (which contains an SH3 domain),, while 
8h of stimulation induced Nek, Ash and phospholipase C 
binding protein (NAP4 which contains an SH2 domain). It is 
thus possible that Grb2-like protein and NAP4 may play 
important roles in CpG-ODN mediated sibling pathways. 
Furthermore, recent studies have also revealed that binding 
of CpG-DNA to TLR9 results in activation of JNK [34). Since 
JNK is activated by Nek adaptor protein and Nek interacting 
kinase [35, 36), it is possible that CpG-ODN may activate JNK 
via up-regulation of NAP4. Although a recent publication 
described the gene expression profiles of a cultured mouse 
macrophage cell line after CpG-DNA stimulation [34], their 
microarray results were only conducted at one time-point 
(6h stimulation). Moreover, they did not report the meas- 
urement of protein expression profiles in response to CpG- 
ODN stimulation. 

Comparison of the gene and protein expression profiles 
showed that there was discordance between mRNA and pro- 
tein levels (Tables). Similar discordance between the 
expression pattern of genes and proteins was also reported in 
other system using different stimuli (37-41). The dis- 
cordance between mRNA and protein levels could be due to 
screening capability such as detection sensitivity, choice of 
cut-off point, quantitetivity of microarray and 2-D gels, as 
well as time discrepancy between gene and protein expres- 
sion |39, 40, 42, 43). Alternatively, it could also be explained 
by post-trancriptional events, such as alternative splicing or 
PTM [39, 40, 42, 43). Another possible explanation is that 
most of the spots observed in the 2-D gels are isoforms of 
some proteins. The intensity of each spots does not neces- 
sary represent total amount of a certain protein and thus 
does not correlate with its mRNA level. Our finding that 
microarray results correlated better with Western blotting 
results (e.g., ARF-3 in Fig. 2), an approach more suitable than 
2-D gels for determining, the total amount rather than iso- 
forms of a given protein, seems to suggest that formation of 
isoforms should be carefully taken into consideration when 
one tries to correlate mRNA and protein expression data. 

Using a proteomics approach, we found that CpG-ODN 
treatment up-regulated the expression of many proteins 
including HSPs, metabolic enzymes, structural proteins, as 
well as macrophage capping protein, cydophilin and protea- 
some a and 0 chain etc. HSPs are the most abundant and 
ubiquitous soluble intracellular proteins. They are up-regu- 
lated by various stressors including temperature, glucose 
deprivation, microbial infection and cancer |44J. They func- 
tion as molecular chaperones to prevent protein aggregation 
and contribute to the folding of nascent and altered proteins, 
in addition, they are able to regulate immune responses, 
including production of inflammatory cytokines and che- 
mokines and activation or maturation of immune cells [45, 
46], Beside HSPs. cydophilin as well as proteasome a and 0 
chain have also been reported to be involved in the immune 
response |39, 47); proteasome p chain is consistently up- 
regulated in human neutrophils following LPS exposure |39). 
Our finding that the protein levels of HSPs. cyclophilin, and 
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proteasome a and p chain were increased after CpG-ODN 
treatment suggests that these. molecules might pby a role in 
the immuriostimulating effect of CpG-ODN. To what extent 
these proteins contribute to the immune responses of the 
cells to CpG-ODN is currently under study. Proteomk anal- 
ysis also showed that truncated forms of grp78, grp94 and 
hsc70 were induced, a phenomenon similar to calretjculin- 
observed by Richards and his coworkers [48]. The expression 
of full length hsc70 and grp78 were decreased while the 
levels of their truncated derivatives was increased after CpG- 
QDN treatment. These-results suggest mat the degradation 
of these proteins has been enhanced. We also found that 
proteosome a and p chains as well as ubiquitin specific pro- 
tease 12 were increased by CpG-ODN. Whether these 
enzymes or other enzymes were responsible for the genera- 
tion of truncated hsc70 and grp78 remains to be elucidated. 

Cells rery on multiple signaling pathways to determine 
their fates of survival, proliferation or apoptosis |49]. In fact, 
apoptosis plays an important role in regulating pathogen 
infection. To be able to grow and replicate in the target cells, 
pathogens may have to block apoptosis. Results from several 
laboratories have made it dear that HSP70 and HSP27 pro- 
tect cells not only from heat, but also from most apoptotic 
stimuli |48, 50) by binding to Akt and subsequently mediat- 
ing anti-apoptotic activity through activation of Akt |51-53]. 
Since our data revealed that CpG-ODN induced the expres- 
sion of HSP90 and HSP27, it is possible that CpG-ODN 
might prevent apoptosis by up-regulation of HSPs. 

Interestingly, our microarray data also showed that CpG- 
ODN mediated the induction of a set of genes associated 
with tumor progression and cell proliferation. Among these, 
one gene, W1SP-2, was up-regulated by. CpG-ODN after both 
2 and 8h stimulation. WISP genes were first identified as 
downstream targets of the WnMp-catemn signaling path- 
way. They belong to the CCN family of growth factors that 
have been receiving increasing attention lately due to some 
of the family members having been reported to be involved 
in angiogenesis and tumorigenesis [54 J. It would be inter- 
esting to evaluate whether CpG-ODN plays a role in angio- 
genesis and tumorigenesis by regulating WISP-2. In addi- 
tion, we found that some genes associated with neurode- 
generation or neuroprotection, such as FPRLJ, NMDAR 
(NMDA) receptor, PKC and dishevelled 3 were up-regulated. 
To our knowledge, this is the first report to suggest an asso- 
riation between these genes and CpG-ODN stimulation. As 
mentioned above, FPRL1 plays a crurial role in proin- 
flammatory aspects of systemic amyloidsis and neurodegen- 
erative disease such as Alzheimer's disease and prion disease 
[28]. NMDAR, PKC and disheveled are involved in modulat- 
ing amyloid precursor protein metabolism, which is central 
to the pathogenesis of Alzheimer's disease [55-57]- Most 
notably, recent studies have shown that the TLR4- dependent 
pathway is involved in neurodegeneration of the central 
nervous system (58). Whether CpG-ODN moieties of patho- 
gens play any role in neurodegenerative diseases such as 
Alzheimer's remains to be elucidated. 
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Figure 8. ARF-3 participates in the CpG-ODN-TLR9-NF-icB path- 
way. HEK293 cells were cotransfected with p5xNF-xB and human 
TLR9. After overnight transfection, the cells were incubated. with 
or without 1.5 ut* CpG-ODN for 8 h in the presence or absence of 
increasing concentrations of the ARF-3 inhibitor brefeldih A 
After incubation, cells were lysed and NF-xB luciferase activity 
was measured. Data represent mean ± SEM. In = 3). 

Exposure of cells to LPS or microbial infection has been 
known to induce several genes encoding metabolic enzyme 
|34, 39]. Our microaxray data also revealed that a large number 
of genes encoding proteins involved in energy synthesis and 
fatty acid oxidation, such as enoyj-coenzyrne A hydratase, 
propionyl coenzyme A carboxylase and cytochrome p450 
were activated by CpG-ODN treatment In addition , we found 
that other proteins such as ARF-3 were up-regulated (Table 3, 
Fig. 8). ARFs are 20kDa GTPases of the ras superfamily that 
are critical to vesicular trafficking, including exocytic protein 
transport and endocytosis [59. 60]. This study demonstrates 
for the Hist time that ARF-3 is involved in the activation of N F- 
kB induced by CpG-ODN (as shown in Fig. 8) 

CpG-DNA/ODN has been shown to elicit primarily 
responses via the TLR9/MyD88 dependent pathway |]8, 21, 
22]. Chromosome location analysis showed that instead of 
localizing on one or two chromosome, the genes/proteins 
modulated by CpG-ODN stimulation are scattered on all 
chromosomes except chromosomes 23 and 24. These results 
seem to suggest that CpG-ODN either affects multiple chro- 
mosomes simultaneously or subsequently via cascades of 
cellular messengers. More studies are needed to elucidate its 
mechanism of actions. 



5 Concluding remarks 

In summary, by using microarray and pioteomic approaches 
to evaluate the effect of CpG-ODN at different time points, 
we have found that genes/proteins regulated by CpG-ODN 



are related to inflammatory responses, antimicrobial defense, 
transcriptional regulation, intracellular signal transduction, 
tumor progression, cell differentiation, proteolysis, anti-apop- 
tosis as well as neurodegenera tion and neuroprotection. Our 
results may help delineate the CpG-ODN mediated pathway 
and contribute to further understanding of mechanisms that 
fink innate immunity with acquired immune responsefs). 
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Institute of Medical Biochemistry, Uaive^ity of Oslo, Norway. 

cDNA probes, iBoc^^pcd&^^^J^^ **««Mr cell types, using 
mRNA and proteia were e,LMTn Zt^Jl JT'% mea f Urements - Amounts of 
germ cells (pachytene spermatocytes ™StL ^ < ??' cuIturfcd P^^lar cells, 
whole testes from rats ■ rfSffiS Tn 8^ n ^ tUmoUre as we » « 
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of cell, such as germ ceSo\^^^^^^ In 0ther 

amounts of RII beta mRNA were fZdTr? !? ^ * DOt ^ 
immunoreactive nrotein w a . I.,., ^IT._." !y ™ 8 tumour whereas the amount of 
specific mRNAs for RI alpha ™iw%^J^«^ of small-sized, germ cell- 
developing rat testis after 30 to 40 days of aee taJflPi } ^ ^ f ° Und in me 
only partially reflected at the protein ^ve S * g * ° f mRNA were 
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protein. Cell specific distribution of th^l Ika l ? t ^. an ™ s ~»* » M alpha 
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Quantification of CK20 gene and protein expression in colorectal cancer 
by RT-PCR and iminunoliistoclieniistry reveals inter and intratumour 
heterogeneity. 

Lassmann S , Bauer M, Soong R . Schreglmann .f . Tahiti K . Nahrig J. Ruger R 
Hotter H. Werner M. ' 

Pathologisches [nstitut, Uruversitatsklinikum Freiburg, Albertsttasse 19, 79104 Freiburg 
Germany, lassmann@ukl.uni-freiburg.de 

Cytokeratin 20 (CK20) is an epithelial protein expressed almost exclusively in the 
gastrointestinal (GI) tract and is widely used as imrnunohistochemical marker for routine 
diagnosis. In contrast, CK20 gene expression is not an established marker for the 
classification of tumours and the detection of disseminated cancer cells in colorectal 
cancer. Recently, real-time reverse transcriptase polymerase chain reaction (RT-PCR) has 
provided the means for reproducible and quantitative investigation of molecular markers 
This report directly compares COO mRNA and protein expression in serial sections of 
archival, formalin-fixed, paraffin-embedded (FFPE) colorectal adenocarcinomas. CK20 
expression was detected by immunohistochemistry (IHC) in 60/63 (95.2%) cases by 
conventional RT-PCR in 58/60 (96.7%) and by quantitative RT-PCR using the ' 
LightCycler (LightCycler is a trademark of a Member of the Roche Group) System in 
29/32 (90.6%) microdissected cases, one case yielding variable results. Despite the high 
detection rate of all three techniques, marked heterogeneity of CK20 expression was seen 
between different cases and also within individual cases. CK20 expression profiles were 
not related to particular histopathological features of the tumours. A good correlation (r = 
0.8964) was found between CK20 mRNA and protein expression by comparing 
quantitative RT-PCR with IHC in 32 cases. This was also true for selected heterogeneous 
tumour cells within individual cases. Both RT-PCR and IHC are therefore valuable tools 
for CK20 detection in colorectal adenocarcinoma, with real-time RT-PCR providing 
supplementary quantitative information. This suggests a promising supportive role for 
quantitative RT-PCR in molecular pathology. Copyright 2002 John Wiley & Sons, Ltd. 

Publication Types: 

• Evaluation .Studies 



PMID:.I2237879 [PubMed - indexed for MEDLINE] 



368: Br J Haematol. 1996 Jul;94(l):23-33. 



Related Articles, Links 



Expression of the multidrug resistance-associated protein (MRP) mRNA 
and protein in normal peripheral blood and bone marrow haemopoietic 
cells. 

Lcgrand <X Pcrrot JY, Tang R . Simonin G. GurbuxaniS, Zittoun R . Marie JP . 

Laboratoire de Cinetique et de Cultures Cellulaires, Hotel Dieu, Paris, France. 

We studied the expression of multidrug resistance-associated protein (MRP) in normal 
haemopoietic cells from peripheral blood and bone marrow. The MRP mRNA levels 
were estimated by RT/PCR and in situ hybridization (ISH) assay, and the protein levels 
by flow cytometry. 21 samples of peripheral blood and 21 samples of bone marrow (1 1 
normal bone marrow donors, 10 patients in complete remission after chemotherapy for 
large cell lymphoma or acute myeloid leukaemia) were analysed, [n peripheral blood the 
mean MRP mRNA level in CD3+ cells was statistically higher than in the other cells (3- 
fold by the methods used). The levels of MRP in CD3+ varied from one individual to 
another (4.5-34,8 units by RT/PCR and 5-23 grains/cell by ISH); however, this was 
proportional to the variation in all the cell lineages of same individual (r = 0.84). In bone 
marrow the mean MRP levels of the various cell lineages (including CD34+) were 
similar to the basal level in HL60 cells. Individual expression levels were again variable; 
however, tfiere was no difference between untreated normal bone marrow and post 
chemotherapy normal bone marrow. MRP protein expression was determined by flow 
cytometry with the monoclonal antibody MRPm6. The CD4+ lymphocytes exhibited a 
higher MRP protein expression than the other cell lineages, including CD8+ cells. There 
was a good correlation between the three mediods used (RT/PCR and ISH, P = Q.0001, r 
= 0.87; RT/PCR and flow cytometry, P - 0.0001 , r = 0.85; ISH and flow cytometry, P = 
0.002, r = 0.67). 

PMID; 8757504 [PubMed - indexed for MEDLINE] 
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Vascular endothelial growth factor enhances cardiac allograft 
arteriosclerosis. 

Lemstrom KB, Krebs R , Nykancn AI , Tlkkanen JIM Sthvota RK Aaltola EM. 
Hayry PJ , Wood J . AKtalo 1C Yta-Herttuala S . Koskitica PK . 

■ 

Cardiopulmonary Research Group, Transplantation Laboratory, University of Helsinki 
and Helsinki University Central Hospital, Helsinki, Finland. Karl.Lemstrom@helsinki.fi 

BACKGROUND; Cardiac allograft arteriosclerosis is a complex process of alloimmune 
response, chronic inflammation, and smooth muscle cell proliferation that includes cross 
talk between cytokines and growth factors. METHODS AND RESULTS: Our results in 
rat cardiac allografts established alloimmune response as an alternative stimulus capable 
of inducing vascular endothelial growth factor (VEGF) mRNA and protein expression in 
cardiomyocytes arid graft-infiltrating mononuclear inflammatory cells, which suggests 
that these cells may function as a source of VEGF to the cells of coronary arteries. Linear 
regression analysis of these allografts with different stages of arteriosclerotic lesions 
revealed a strong correlation between intragraft VEGF protein expression and the 
development of intimal thickening, whereas blockade of signaling downstream of VEGF 
receptor significantly reduced arteriosclerotic lesions. In addition, in cholesterol-fed 
rabbits, intracoronary perfusion of cardiac allografts with a clinical-grade adenoviral 
vector that encoded mouse VEGF(164) enhanced the formation of arteriosclerotic 
lesions, possibly secondary to increased intragraft influx of macrophages and 
neovascularization in the intimal lesions. CONCLUSIONS: Our findings suggest a 
positive regulatory role between VEGF and coronary arteriosclerotic lesion formation in 
the allograft cytokine microenvironment. 

PMID: 12034660 [PubMed - indexed for MEDLINE] 
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CHAPTER 29 



Regulation of transcription 



The phehotypic differences that distinguish the 
various kinds of ceils in a higher eukaryote are 
largely due lo differences in the expression of 
genes that code for proteins, that is, those tran- 
scribed by RNA polymerase H. In principle, the 
expression of these genes might be regulated at 
any one of several stages. The concept of the 
"level of controP implies that gene expression 
is not necessarily an automatic process once it 
has begun. It could be regulated in a gene-, 
specific way at any. one of several sequential 
steps. We can distinguish (at least) five poten- 
tial control points, forming the series: 

Activation of gene structure 
I 

Initiation of transcription 
I 

Processing the transcript 
I 

Transport to cytoplasm 

• si 

Translation of mRNA 

The existence of the first step is implied by 
ihe discovery that genes may exist in either of 
rwo structural conditions. Belaiive to the state 
of most of the genome, genes are found in 
an "active'' state in the cells in which they 
ore expressed (see Chapter 27). The change of 
slrnciuj-e is distinct from the act of transcrip- 
tion, and indicates that (lie gene is "transcrib- 
able." This suggests that acquisition of the 
"active" structure must be the first step in gene 
expression. 

Transcription of a gene in ihi: active Male is 



controlled at the stage of initiation, tnat is, by 
the interaction of RNA polymerase with its" pro- 
moter. This is now becoming susceptible to 
analysis in the in vitro systems (see Chapter 
28). For most genes, this is a major control 
point; probably it is the most common level of 
regulation. 

There is at present no evidence for control 
at subsequent stages of transcription in eukary- 
otic cells, for example, via anti termination 
mechanisms. 

The primary transcript is modified by capping 
at the 5' end, and usually also by polyadenyla- 
. tion at the 3' end; Introns must be spliced out 
from the transcripts of interrupted genes. The 
mature RNA must be exported from the nucleus 
to the cytoplasm. Regulation of gene expression 
by selection of sequences at the level of -nuclear 
RNA might. involve any or all of these stages, 
but the one for which we have most evidence 
concerns changes in splicing; some genes , are 
expressed by means of alternative splicing pat- 
terns whose regulation controls the type of pro- 
tein product (see Chapter 30). 

Finally, the translation of an mRNA in the cyto- 
plasm can be specifically controlled. There is littte 
evidence for the employment of this mechanism in 
a dull somatic cells, but it does occur in some 
embryonic situations, as described in Chapter 7. 
The mechanism is presumed to involve the block- 
ing of initiation of translation of some mRNAs bv 
specific protein factors. 

But having acknowledged that control of gene 
expression can occur at multiple stages, and 
tii at production of RNA cannot inevitably be 
equated wjm production of protein, it is "clear 
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that the overwhelming majority of regulatory 
events occur at the initiation of transcription. 
Regulation of tissue-specific gene transcription 
lies at the heart of eukaryotic differentiation; 
indeed, v?e see examples in Chapter 38 in 
which proteins that regulate embryonic devel- 
opment prove to be transcription factors. A reg- 
ulatory transcription factor serves to provide 



common control of a large number of target 
genes, and v?e seek to answer two questions 
about this mode of regulation: what identifies 
the common target genes to the transcription 
factor; and how is the activity of the transcrip- 
tion factor itself regulated in response to intrin- 
sic or extrinsic signals? 



Response elements identify genes under common 
regulation 



The principle that emerges from characterizing 
groups of genes under common control is that 
they share a promoter element that is recognized 
by a regulatory transcription factor. An element 
that causes a gene to respond to such a factor 
is called a response element; examples are the 
HSE (heat shock response element), GRE 
(glucocorticoid response element), SRE (serum 
response element). 

The properties of some inducible transcription 
factors and the elements that they recognize are 
summarized in Table 29.1. Response elements 
have the same general characteristics as 
upstream elements of promoters or enhancers. 
They contain short consensus sequences, and 
copies of the response elements found in dif- 
ferent genes are closely related, but not neces- 
sarily identical. The region bound by the factor 
extends for a short distance on either side of 



Table 29.1 inducible transcription factors, bind to :;, 
response elements that identify groups of promoters 
' or enhancers subject to coordinate control. .• 



Regubtory Agent Module Consensus 



Heat shock 
Glucocorticoid 
Phorbol estei 
Serum 



HSE 
GRE 
IRE 
SRE 



CNNGAANOT CCNWG 
7GGTACAAATGTTCT 
IGACICA 
CCA1AT7AGG 



Factor 

HSTF 

Receptor 

API 

SRF 



the consensus sequence. In promoters, the ele- 
ments are not present at fixed distances from 
the startpoint, but are usually <200 bp upstream 
of it The presence of a single element usually 
is sufficient to confer, the regulatory response, 
but sometimes there are multiple copies. 

Response elements may be located in pro- 
moters or in enhancers. Some types of elements 
are typically found in one rather than the other: 
usually an USE is found in a promoter, while a 
GRE is found in an enhancer. We assume (hat 
all response elements function by the same 
general principle. A t gene is regulated by a 
sequence at the promoter or enltancer that is 
recognized by a specific protein. The protein 
functions as a transcription factor needed for 
RNA polymerase to initiate. Active protein is 
available only under conditions when the gene is 
to be expressed; its absence means that the prty 
motcr is not activated by this particular circuit 
An example of a situation in which many 
genes are controlled by a single factor is pro- 
vided by the heat shock response. This is com- 
mon to a wide range of prokaryotes and 
eukaryotes and involves multiple controls of 
gene expression: an increase in tempera lure 
turns off transcription of some genes, turns on 
transcription of the heat shock genes, and 
causes changes in the translation of mHNAs. 
The control of the beat shock genes illustrates 
the differences between prokaryouc and 
eukaryotic modes of control, hi bacteria, a ne« 
sigma factor is synthesized ihai directs KNA 
polymerase boloenzyroe to recognize an nlter- 
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Retinal precouditiouing and the induction of heat-shock protein 27. 
Lj_Y, RgthS, LascrM, Ma JX, Crosson CE . 

Soa^T^USA 3 '" 1010 ^' MediCal UniWR!ity 0f South Carolina ' Charleston, South 

PURPOSE: Brief periods of ischemia have been shown to protect the retina from 
potenUally damaging periods of ischemia. This phenomenon has been termed ischemic 
preconditionmg or ischemic tolerance. In the present study the cellular changes in levels 
of heat shock protem (Hs P )27, -70, and -90 mRNA and expression of Hsp in the rat retina 
associated with ischemic preconditioning were evaluated. METHODS: Unilateral retinal 
ischemia was created in Long-Evans and Sprague-Dawley rats for 5 minutes. Rats were 

tZlf ? -° \ d T' fo a " 0W ^ retina to re P erfUse - Retinas were dissected, the 
roRNA and protem isolated, and Northern and Western blot analyses conducted to detect 
changes m expression of Hsp27, -70, and -90. Immunohistochemical studies were used to 
identify retinal regions where Hsp changes occurred. Selected animals were subjected to 

H™"* T nt * " ° minUteS in durati ° n * to co ^ elate me changes in expression of 

lisp wim functional protection of the retina from ischemic injury. RESULTS" In control 
and sham.treated animals retinal Hsp27, -70, and -90 mRNAs were detectable Five 
hours after retinal preconditioning, levels of Hs P 27 mRNA were elevated above control 
levels, and 24 hours later, mRNA levels increased 200% over basal levels Hsp27 
expression remained elevated for up to 72 hours and then began to return to control 
levels Hsp27 protem levels were increased by 200% over basal levels 24 hours after 
retmal preconditioning, remained at this level for 72 hours, and then returned to control 
levels. In contrast, no consistent change in Hs P 70 or -90 mRNA or protein levels was 
observed during the course of the study. Immunohistochemical studies demonstrated that 
he increase in expression of Hsp27 was localized to neuronal and non-neuronal cells in 
the. inner layers of the retina. Electroretinography studies demonstrated a strong 
correlation between the protection of retinal function from ischemic injury and the ' 
expression of Hs P 27 r CONCLUSIONS: These results provide evidence that the induction 
ot Hsp27 ,s a gene-specific event associated with ischemic preconditioning in the retina 
This increase in expression of Hsp27 occurs in both neuronal and non-neuronal retinal ' 
cells, and appears to be one component of the neuroprotective events induced by 
ischemic preconditioning in the retina. 

PMID: 12601062 [PubMed - indexed for MEDLINE] 
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Enhanced expressions of arachidoi.ic acid-sensitive tandem-pore domain 
potassmru channels in rat experimental acute cerebral ischemia. 

LLZB, ZbaagJttX, LiLL, WangJCL. 

Institute of Materia Medica, Chinese Academy of Medical Sciences and Peking Union 
Medical College, Beijing 100050, China. B 

To further explore the pathophysiological significance of arachidonic acid-sensitive 
potass.um channels, RT-PCR and Western blot analysis were used to investigate the 
expression changes of TREK channels in cortex and hippocampus in rat experimental 
acute cerebral ,schemia in this study. Results showed that TREK-1 and TRAAK mRNA 

after middle cerebral artery occlusion (MCAO). While the mRNA expression levels of 
the all three channel subtypes increased significandy 24 h after MCAO in cortex and 
riSESwfi f C SamC — ' ^ Pr0te,n ex P ressions of all the three channel proteins 

1 REtC-I showed increased expression 2 h after MCAO in cortex and hippocampus 
Imrnunohis tochemical experiments verified that all the three channel proteins hid higher 
express^ levels uvcortical and hippocampal neurons 24 h after MCAO. ThTe 

TOS l™T g T el * ti °" betWCCn TREK Channe,S - d -ute cerebral ischerT 
KfcK. channels might provide a neuroprotective mechanism in the pathological process. 

PMBD: 15652517 [PubMed - indexed for MEDLINE] 
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Increasing expression of tissue plasminogen activator and plasmiuogen 
activator inhibitor type 2 in dog gingival tissues with progressive 
inflammation. 

Ltndberg P, Kinnby B, Lecandcr I . Lang NP . Matsson L . 

Center for Oral Health Sciences, Malmo University, S-2 14 21 Malmo Sweden. 
pia.lindberg@od.mah.se ' 

Urokinase and tissue-type plasminogen activators (u— PA and t-PA) are serine proteases 
that convert plasrrunogen into plasmin, which degrades matrix proteins and activates 
metalloproteinases. The P As are balanced by specific inhibitors (PAI- 1 and P AI-2) 
Local production of t-PA and PAl-2 was recently demonstrated in human gingival 
tissues. The aim now was to investigate the production and localization of t-PA and PAI- 
-2 in gingival tissues.from dogs in three well-defined periodontal conditions- clinically 
healthy gingiva, chronic gingivitis and an initial stage of ligature-induced loss of 
attachment. At the start of the experiment the gingiva showed clear signs of 
inflammation. Clinically healthy gingiva were obtained after 2 1 days period of intense 
oral hygiene^ Attachment loss was induced by placing rubber ligatures around the neck of 
some teeth. Biopsies were taken from areas representing the different conditions and 
prepared for m situ hybridization and immunoliistochemistry. In clinically healthy 
gingiva both t-PA mRNA and antigen were expressed in a thin outer layer of the sulcular 
and junctional epithelia. No t-PA signals or staining were seen in connective tissue. Both 
mRNA signaling and unmunostaining for t-PA were stronger in chronic gingivitis. In 
areas with loss of attachment, t-PA mRNA as well as antigen werefound in the sulcular 
and junctional epithelia to a similar degree as in gingivitis. Occasionally the connective 
tissue was involved, especially in connection with vessels. PAI-2 mRNA was seen in a 
thin outer layer of the sulcular and junctional epithelia in clinically healthy gingiva but 
no signals were seen in connective tissue. PAI-2 antigen was found primarily in the 
outer layer of the sulcular and junctional epithelia. Some cells in the connective tissue 
were stained. In gingivitis, PAI— 2 signals were mainly found in the same locations but 
more intense and extending towards the connective tissue. Immunostaining was se4 in 
the outer half of the sulcular and junctional epithelia as well as in the upper part of the 
connective tissue, close to the sulcular epithelium. In sites with loss of attachment, PAI- 
2 mRNA was found throughout the sulcular and junctional epithelia, as was die antigen 
which stained intensely. No PAI-2 mRNA was seen in connective tissue; the antigen was 
found scattered, especially near vessels. This study shows that the expression of both t- 
r A and PAI-2 increases with experimental gingival inflammation in the dog and 
furthermore, the two techniques demonstrate a strong correlation between the' 
topographical distribution of the site, of protein synthesis and the tissue location of the 
euitigens for both t-PA and PAI-2. The distribution con-elates well with previous 
findings in humans. 
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Effect of duratioa of fixation on quantitative reverse transcription 
polymerase chain reaction analyses. 

Macabeo-Onr M, Ginztogcr DC Pekker N. McMillan A . Regezi JA WW DT 
Jordan RC . ' ' 

Oral Pathology, Department of Stomatology, University of California San Francisco 
California 94143-0424, USA. 

Increasingly, there is the need to analyze gene expression in tumor tissues and correlate 
these findings with clinical outcome. Because there are few tissue banks containing 
enough frozen material suitable for large-scale genetic analyses, methods to isolate and 
quantify messenger RNA (mRNA) from formalin-fixed, paraffin-embedded tissue 
sections are needed. Recovery of RNA from routinely processed biopsies and 
quantification by the polymerase chain reaction (PCR) has been reported; however, the 
effects of formalin fixation have not been well studied. We used a proteinase K-sal't 
precipitation RNA isolation protocol followed by TaqMan quantitative PCR to compare 
the effect offormalin fixation for 24, 48, and 72 hours and for 1 week in normal (2), oral 
epithelial dysplasia (3), and oral squamous cell carcinoma (4) specimens yielding 9 fresh 
and 36 formalin-fixed samples. We also compared mRNA and protein expression levels 
using lmmunohistochemistry for epidermal growth factor receptor (EGFR), matrix 
metalloproteinase (MMP)-l , p 2 1 , and vascular endothelial growth factor (VEGF) in 1 5 
randomly selected and routinely processed oral carcinomas. We were able to extract 
RNA suitable for quantitative reverse transcription (RT) from all fresh (9/9) and 
formalin-fixed (36/36) specimens fixed for differing lengths of time and from all (15/15) 
randomly selected oral squamous cell carcinoma. We found that prolonged formalin 
fixation (>48 h) had a detrimental effect on quantitative RT polymerase chain reaction 
results that was most marked for MMP-1 and VEGF but less evident for P 21 and EGFR 
Comparisons of quantitative RT polymerase chain reaction and immunohistochemistry 
showed that for all markers, except p2l, there was good correlation between mRNA and 
protein levels. p2I mRNA was overexpressed in only one case, but protein levels were 
elevated in all but one tumor, consistent with the established translational regulation of 
P 21 These results show that RNA can be reliably isolated from formalin-fixed, paraffin- 
embedded tissue sections and can produce reliable quantitative RT-PCR data. However 
results for some markers are adversely affected by prolonged formalin fixation times. 

PMID: 12218216 [PubMed - indexed for MEDLINE] 
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Id-1 and Id-2 are overcxpresscd iu pancreatic caucer aud ia dysplastic 
lesions ia chronic pancreatitis. 

Maruvama H, Klceff J . Wildt S . Fricss H , Bucliier MW , Israel MA . Korc M . 

Division of Endocrinology, Department of Medicine, University of California Irvine 
USA. ' 



Id proteins antagonize basic helix-loop -helix proteins, inhibit differentiation, and enhance 

cell proliferation. In this study we compared the expression of Id- 1,- Id-2, and Id-3 in the 

normal pancreas, in pancreatic cancer, and in chronic pancreatitis (CP). Northern blot 

analysis demonstrated that all three Id rnRNA species were expressed at high levels in 

pancreatic cancer samples by comparison with normal or CP samples. Pancreatic cancer 

cell lines frequently coexpressed all three Ids, exhibiting a good correlation between Id 

mRNA and protein levels, as determined by immunoblotting with highly specific anti-Id 

antibodies. Immunohistochemistry using these antibodies demonstrated the presence of 

faint Id-1 and Id-2 immunostaining in pancreatic ductal cells in the normal pancreas, 

whereas Id-3 immunpreactivity ranged from weak to strong..In the cancer tissues, many 

of the cancer cells exhibited abundant Id-1, Id-2, and Id-3 immuno reactivity. Scoring on 

the basts of percentage of positive cells and intensity of immunostaining indicated that 

Id-1 and Id-2 were increased significantly in the cancer cells by comparison with the 

respective controls. Mild to moderate Id immunoreactivity was also seen in the ductal 

cells' in the CP-like areas adjacent to these cells and in the ductal cells of small and 

interlobular ducts in CP. In contrast, in dysplastic and atypical papillary ducts in CP, Id-1 

and Id-2 immunoreactivity was as significantly elevated as in the cancer cells. These 

findings suggest that increased Id expression may be associated with enhanced 

proliferative potential of pancreatic cancer cells and of proliferating or dysplastic ductal 
cells in CP. 
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ld-1 and ld-2 Are Overexpressed in Pancreatic 
Cancer and in Dysplastic Lesions in 
Chronic Pancreatitis 



Haruhisa Maruyama,* Jorg Kleeff,* Stefan Wildi,* . 
Helmut Friess* Markus W. Buchler,* 
Mark A. Israel * and Murray Korc* 

Prom the Division of Endocrinology, Diabetes, and Metabolism*. 
Departments of Medicine, Biological Chemistry and 
Pharmacology, University of California, Irvine, California; the ' 
Department of Visceral and Transplantation Surgery* University 
of Bern, Bern, Switzerland; and the Preuss Laboratory* 
Department of Neurological Surgery, University of California, 
San Francisco, California . 



Id proteins antagonize basic helix-Joop-belix pro- 
teins, inhibit differentiation, and enhance cell prolif- 
eration. In this study we compared the expression of 
Id-1, Jd-2, and ld-3 in the normal pancreas, in pan- 
creatic cancer, and in chronic pancreatitis (CP). 
Northern blot analysis demonstrated that all three Id 
nxRNA species were expressed at high levels in pan- 
creatic cancer samples by comparison Tvith normal or 
CP samples. Pancreatic cancer cell lines frequently 
coexpressed all three Ids, exhibiting a good correla- 
tion between Id mRNA and protein levels, as deter- 
mined by immunoblotting with highly specific anli-Jd 
antibodies. Irnmun ©histochemistry using these anti- 
bodies demonstrated the presence of faint ld-1 and 
ld-2 immunostaining in pancreatic ductal cells in the 
normal pancreas, whereas ld-3 immunoreactivity 
ranged from weak to strong. In the cancer tissues, 
many o/ the cancer cells exhibited abundant Id- J, 
ld-2, and )d-3 immunoreactivity. Scoring on the basis 
of percentage of positive cells and intensity of immu- 
nostaining indicated that ld-1 and ld-2 were increased 
significantly in the cancer cells by comparison with 
the respective controls. Mild lo moderate Id immuno- 
reactivity was also seen in the ductal cells in the 
CP- like areas adjacent to these cells and in the ductal 
cells of small and interlobular ducts in CP. In con- 
trast, in dysplastic and atypical papillary ducts in CP, 
Id- 1 and ld-2 immnn ore activity was as significantly 
elevated as in the cancer cells. These findings suggest 
that increased Id expression may be associated with 
enhanced proliferative potential of pnncreatic cancer 
cells and of proliferating or dysplastic ductal cells in 
CP. (AyyiJ Patbol J9!>!>, 255:815-822) 



Basic helix-loop-helix (bHLH) proteins play an important 
role as transcription factors in cellular development, pro- 
liferation, and differentiation: 1 * 2 The basic domain of the 
bHLHs is required for binding to an E-box DNA se- 
quence, thus promoting transcription of specific target 
genes. The HLH domain promotes dimer formation with 
various members of the bHLH protein family. 1 - 2 Ho- 
modimers of the class B family of bHLH proteins, includ- 
ing MyoD, NeuroD, and numerous other proteins, are 
known to activate tissue-specific genes. 3 ^ These tissue- 
specific bHLHs typically form heterodimers with widely 
expressed class A bHLHs, which include proteins en- 
coded by E2A, E2-2, HEB. and other genes (also termed 
E-proteins). 6 " 9 These heterodimers activate transcription 
of genes that are associated with differentiation. 

td genes encode a family of four HLH proteins that lack 
the basic DNA binding domain. 110 They act as dominant- 
negative HLH proteins by forming high affinity het- 
erodimers with other bHLH proteins, thereby preventing 
them from binding to DNA and inhibiting transcription of 
differentiation-associated genes. 10-12 Id gene expres- 
sion is down-regulated on differentiation in many cell 
types in vitro and in wVo. 13 " 18 In addition. Id proteins seem 
to be required for cell cycle progression through G^S 
phase in certain cell types, and interaction between ld-2 
and pRB is associated with enhanced proliferation in 
some cell lines in vitro. 19-23 

Pancreatic cancer is the fifth leading cause of cancer 
death in the United States, with a mortality rate that vir- 
tually equats its incidence rate. 24 This malignancy is often 
associated with the overexpressioh of a variety of mito- 
gens growth factors and their receptors, and by onco- 
genic mutations of K-ras and inactivation ol the p53 tumor 
suppressor gene 25 We have recently reported that pan- 
creatic cancers over express the HLH protein ld-2, and 
that enhanced expression of this prolein is evident in the 
cytoplasm of the cancer ceils within the pancreatic tumor 
mass 26 It is not known, however, whether the expression 
of other Id proteins is altered in this malignancy, or 
whether their expression is altered in chronic pancreatitis 
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(CP), an inflammatory, disease that is characterized by 
dysplastic ducts, foci of proliferating ductal cells, acinar 
cell degeneration, and fibrosis. 27 We now report that 
there is a five- to sixfold increase in ld-1 and ld-2 mRNA 
levels and a twofold increase in ld-3 mRNA ievels in 
pancreatic cancer by comparison with the normal pan- 
creas. In contrast, overall Id mRNA levels are not in- 
creased in CP. 



Patients and Methods 

Normal human pancreatic tissue samples from 7 male 
and 5 female donors (median age 41.8 years, range. 
14^68 years), CP tissues from 13 males and 1 female 
(median age 42.1 years; range 30-56 years), and pan- 
creatic cancer tissues from 10 male and 6 female donors 
(median age 62.6 years; range 53-83 years) were ob- 
tained through an organ donor program and from surgi- 
cal specimens from patients with severe symptomatic 
chronic pancreatitis or pancreatic cancer. A. partial 
duodenopancreatectomy (Whipple/pylorus-preserving 
Whipple; n = 13), a left resection of the pancreas (n = 2), 
or a total pancreatectomy (n - 1) were carried out in the 
pancreatic cancer patients. According to the TNM clas- 
sification of the Union Internationale Centre le Cancer 
■ (UICC) 6 tumors were stage 1 , 1 was stage 2, and 9 were 
stage 3 ductal cell adenocarcinoma. Freshly removed 
tissue samples were fixed in 10% formaldehyde solution 
for 12 to 24 hours and paraffin-embedded for histological 
analysis. In addition; tissue samples were frozen in liquid 
nitrogen immediately on surgical removal and maintained in 
-80°C until use for RNA extraction. All studies were ap- 
proved by the Ethics Committee of the University ol Bern, 
. Bern, Switzerland, and by the Human Subjects Committee 
at the University of California, Irvine. California. 

Northern Blot Analysis 

Northern blot analysis was carried out as described pre- 
viously. 2628 Briefly, total RNA was extracted by the single 
step acid guanidinium. thiocyanate phenol chloroform 
method, RNA was size-fractionated on 1.2% agarose/1.8 
rnol/L formaldehyde gels, electrotransferred onto nylon 
membranes, and cross- linked by UV irradiation. Blots 
were prehybridized and hybridized with cDNA probes 
and. washed under high stringency conditions. The fol- 
lowing cDNA probes were used: a 979-bp human ld-1 
cDNA probe, a 440-bp human ld-2 cDNA probe, and a 
450-bp human ld-3 cDNA probe, covering the entire 
coding regions of ld-1, ld-2. and ld-3. respectively. A 
BamHI 190-bp fragment of mouse 7S cDNA that, hybrid- 
izes with human cytoplasmic RNA was used to confirm 
equal RNA loading and transfer. Blots were then exposed 
at -80°C to Kodak BioMax-MS films and the resulting 
autoradiography were scanned to quantify the intensity of 
the radiographic bands. 26 28 For each sample the ratio of 
!d mRNA expression to 7S expression was calculated. To 
compare Ihe relative increase in expression of the re- 
spective Id mRNA species in the cancer and CP sam- 
ples, the same normal samples were used tor normal/ 




Normal Cancer 
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Figure 1. mRNA expression of Jci-J. Jd-2, and ld-3 in pancreatic cancer and 
chronic pancreatitis. Tola! RNA (20 u.g/1ane) from six normal, eigbi cancer- 
ous, and seven chronic pancreatitis tissue samples were^ subjected to North- 
ern blot analysis using ^P-labeled cDNA probes (500.000 cpm/ml) specific 
for ld-1, )d-2, and ld-3, respectively-' A 7S cDNA probe (50,000 cpm/ml) was 
used as a loading and transfer control. Exposure times of the normal/cancer 
blots were 1 day for all Id probes, and 2 days for the normal/CP blots. 
Exposure lime was 4 hours for mouse 7S cDNA.' By comparison with the 
normal samples, ld-1 and ld-3 mRNA levels were elevated in 8 and 9 cancer 
Samples,, respectively, whereas Jd-2 was elevated in 6 cancer samples. 

cancer and normal/CP membranes. The median score for 
ld-1, ld-2. and ld-3 mRNA levels in these normal samples 
was set to 100. Statistical analysis was performed with 
SigmaStat software (Jandel Scientific, San Raphael. CA). 
The rank sum test was used, and P < 0.05 was taken as 
the level of significance. 

Cell Culture and Western Blot Analysis 

PANC-1, MIA-PaCa-2, ASPC-1, and CAPAN-1 human 
pancreatic cell lines were obtained from ATCC (Manas- 
sas, VA). COLO-357 human pancreatic cells were a gift 
from Dr. R. S. Melzger (Durham. NC). Cells were routinely 
grown in DMEM (COLO-357, MIA-PaCa-2. PANC-1) or 
RPMI (ASPC-1. CAPAN-1) supplemented with 10% fetal 
bovine serum, 100 U/ml penicillin, and 100 jig/ml strep- 
tomycin. For immunoblot analysis, exponentially growing 



Id Proteins in Pancreatic Diseases 817 
AJP September 3999, Vol. 155, 



1600 

1400 H 

1200 

1000- 
800 - 
600 - 
400- 
200 - 
0 



1200 



1000- 



800 - 



600 - 



400 - 



200 - 



500 - 
400 - 
300 
200 - 
100 - 
0 





□ 


ld-1 


□ 

o 

. % - 

I 


Q. 


OQ 




So 




ld-2 


m 
to 

D 

O -r- 




D 

a 

CP o 

□ o 


O * ' 






a 


ld-3 






a 


°o 




i i 


3ft- 

l 



Normal CP Cancer 

Figure 2. Demitometric analysis of Northern Wots. Autoradiography of 
Northern blots fr oiki 12 normal. 14 CP, and )6 pancreatic cancers were 
analyzed by densitometry. mRNA levels weie determined by calculating the 
ratio of ibe optical density for- the respective )d mRNA species in relation 10 
. the optical density of moose 7S cDNA. To compare the relative increase in 
expression of the respective Id mRNA species in die cancer and CP samples, 
ibe same normal samples were used for normal/cancer and normal/CP 
membranes. Normal pancreatic tissues are indicated by circles, CP tissues by 
triangles, and cancer tissues by squares. l>ata are expressed as median 
scores ± SI). By comparison with the normal samples, only ibe cancer 
samples exhibited significant increases: 6.3-fold (P < 0.0J) for IdO, fivefold 
<P < 0.01) for Jd-? r and twofold (P = 0.027) for Id- 3. 



cells (60-70% confluent) were solubilized in lysis buffer 
containing 50 mmol/L Tris-HCI, pH 7.4, 150 mmol/L NaCI, 
1 mmol/L EDTA, 1 jxg/ml pepstalin A, 1 mmol/L phenyl- 
rnethylsultonyl fluoride (PMSF), and 1% fnton X-100. Pro- 
teins were subjected to sodium dodecyl sulfate polyacryl- 
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Figure 3. Id mRNA and. protein expression in pancreatic cancer cell lines. 
Upper panels:. Total RNA (20 fig/lane) from 5 pancreatic cancer eel! lines 
were subjected to Northern blot analysis using 3 ?P-iabeIed cONA probes 
(500,000 cpm/ml) specific for ld-1. )d-2, and Id-3 : respectively. Exposure 
times were ) day for all Id probes. Lower panels: Immunoblotting. Cell 
Jysates (30 jig/lane) were subjected to SDS-PAGE. Membranes were probed 
wiib specific JcM, Jd-2, and ld-3 antibodies. Visualization was performed by 
enhanced chemilurwinescerice. 



amide gel electrophoresis (SDS-PAGE). transferred to 
Immobilon P membranes, and incubated for 90 minutes 
with the indicated antibodies and for 60 minutes with 
secondary antibodies against rabbit IgG. Visualization 
was performed by enhanced chemiluminescence. 



Immunohfsiochemrsiry 

Specific rabbit anti-human ld-1 (C-20), ld-2<C-20), and 
ld-3 (C-20; all from Santa Cruz Biotechnology, Santa 
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Figure 4. Normal and canceious parMie.itic tissues were subjected to immu- 
nosiaining using highly specific anii-ld-1 (A-C). ami-Id- 2 (O-F). and anli-kl-3 
(G-D antibodies as described in the Methods section. Moderate to strong ld-1 

' immunoresctiviry tv-js pieseni in the cytoplasm of duct-like oncer cells (A 
and C, left panel). In the normal pancreas there was weak ld-1 immunore-. 
activity in the ductal cells (B). Preabsorption widi the ld-1-specifk blocking 
peptide abolished the Id-1 immunoreactiviry (C, right paneD- Strong ld-2 
immunoreaciivity was observed in the cytoplasm of the cancer cells that 
exhibited duct-like structures (D and F. tell panel), whereas in ihe norma! 
pancreas, there was 'only weak ld-2 rmmunoreactiviry in the ductal cells (E). 
Preabsorption with the ld-2 -specific blocking peptide abolished ihe ld-2 
imimmoreacttvity (F, tight panel). Moderate io strong ld-3 immunoreaciivity 
was present in the duel- like cancer crlls (G :ind 1, left panel). Moderate to 
strong ld-3 immunoreaciivity was also present in the ducinl t ells of normal 
pancreatic tissue samples (H). Id- 3 immunoreaciiviiy was completely abol- 
ished by preabsorption with the Id- 3 specific blocking peptide ft. right 
panel). A. D, and G constitute serial sections of a pancreatic cancer sample. 

' revealing compression of the three Id proteins. Scale bars. 25 pm. 

Cruz, CA) polyclonal antibodies were used lot immunhis- 
tochemistry. These affinity- purified rabbit polyclonal anti- 
bodies specifically react with Id-1 , ld-2, and ld-3, /espec- 
tively, of human origin, as determined by Western 
blotting. Paraffin- embedded sections (4 ^rn) were sub- 
jected to immunoslainrng using the streplavidin-peroxi- 
dase technique. Where indicated, immunostaining for all 
thtee Id proteins was performed on serial sections. En- 



dogenous peroxidase activity was blocked by incubation 
for 30 minutes with 0.3% hydrogen peroxide in methanol. 
Tissue sections were incubated for 15 minutes (23°C) 
with 10% normal goat serum and then incubated for 16 
hours at 4°C with the indicated antibodies in PBS con- 
taining 1% bovine serum albumin. Bound antibodies 
were detected with biotinylated goat anti-rabbit IgG sec- 
ondary antibodies and streptavidin-peroxidase complex, 
using diarninobenzidine tetrahydrochloride as the sub- 
strate. Sections were counterstained with Mayer's hema- 
toxylin. Preabsorption with ld-1-, ld-2-, or ld-3-specific 
blocking peptides completely abolished immunoreactiv- 
ity of the respective primary antibody. The immunohisto- 
chemical results were semiquantitatively analyzed as de- 
scribed previously. 29 ; 30 The percentage of positive 
cancer cells was stratified into four groups: 6, no cancer 
cells exhibiting immunoreactivity; 1, <33% of the cancer 
cells exhibiting, immunoreactivity; 2, 33 to 67% of the 
cancer cells exhibiting immunoreactivity; 3 >67% of the 
cancer cells exhibiting immunoreactivity. The intensity of 
the immunohistochemical signal, was also stratified into 
four groups: 0, no immunoreactivity; 1 , weak immunore- 
activiry; 2, moderate immunoreaciivity; 3» strong immu- 
noreactivity. Finally, the sum of the results of the cell- 
score and the intensity score was calculated. Statistical 
analysis was performed with SigmaStat software. The 
rank sum test was used, and P < 0.05 was taken as the 
level of significance. 



Results 

Northern blot analysis of total RNA isolated from 12 nor- 
mal pancreatic tissues and 16 pancreatic cancers re- 
vealed the presence of the 1.2-kb Id-1 transcript and the 
1.6-kb Id2 mRNA'transchpt in 11 of the 12. normal pan- 
creatic samples, and the 1.3-kb ld-3 mRNA transcript in 
all normal pancreatic samples (Figure 1A, 2). In the can- 
cer tissues, Id-1 mRNA levels were elevated in 8 of 16 
samples, ld-2 mRNA levels were etevated in 9 of these 
samples, and ld-3 mRNA levels were elevated in 6 ot 
these samples (Figure 1A, 2). Concomitant overexpres- 
sion of all three Id species was observed in 6 of the 
cancer samples (38%). In contrast, none of the Id mRNA 
species were overexpressed io CP by comparison with 
normal controls (Figure 1B, 2). Densitometric analysis of 
all of the autoradtograms indicated that there was a 6.5- 
fold increase (P < 0.01) in Id-1 mRNA levels, a fivefold 
increase (P < 0.01) in ld-2 mRNA levels, and a twofold 
increase (P = 0.027) in ld-3 mRNA levels in Ihe pancre- 
atic cancer samples in comparison to normal controls 
(Figure 2). In contrast, there was no statistically signifi- 
cant difference in the expression levels of Id-1 , ld-2, and 
ld-3, in CP tissues in comparison to the corresponding 
levels in the normal pancreas (Figure 2). , 

Next, we assessed the expression of the three Id 
genes in 5 human pancreatic cancer cell lines by North- 
ern and Western blot analyses. Id-1 mRNA was present 
at varying levels in alt 5 cell lines (Figure 3). ASPC-1, 
CAPAN-1. rvllA-PaCa-2. and PANC- 1 expressed moder- 
ate to high levels ot Id- 1 mRNA, whereas COLO-357 cells 
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Figure 5. JmmunohisiOchemistiy of pancreatic cancer and dyspJastic ducts in CP tissues. In the pancreatic cancer tissues (A-C) there was moderate to strong ld-1 
(A), Jd-2 (8), and ld-3 (C) immunoreactivity in the ductal cells in the areas adjncenl to the cancer cells that exhibited CP-like alterations. Islet cells did not exhibit 
Id .mmunoreaoivity (outlined by solid arrowheads). In the CP samples, moderate to strong ld-1 (D), Id-2 (E), and ld-3 (F) immunoreactivity was present in the 
qtoplasm of epithelial cells forming large dysplasiic ducts. Scale bar, 25 fim. 



expressed relatively low levels of this mRNA moiety. 
Western blotting with a highly specific anti-Id- 1 antibody 
confirmed the presence of the approximately 14-kd ld-1 
protein in the 4 cell lines that expressed high levels of 
ld-1 mRNA (Figure 3). Furthermore, the three cell lines 
with the highest ld-1 mRNA expression (CAPAN-1, MIA- 
. PaCa-2. and PANC-1) also exhibited the highest ld-1 
protein expression. Variable levels of the 1.6-kb Id-2 
mRNA transcript were present in all 5 cell lines. In addi- 
tion, a minor band of approximately 1.2 kb was visible in 
C0LO357 arid MIA-PaCa-2 cells. Immunoblot analysis 
with a highly specific anti-ld-2 antibody revealed two 
bands of approximately 16 and 18 kd at relatively high 
levels in all of the cell lines with exception ol 'PANC-1 
cells, in which the 16-kd.band was relatively faint (Figure 
.3). With the exception of MIA-PaCa-2 cells, there was a 
good correlation between Id-2 mRNA and protein levels 
(Figure 3). ld-3 mRNA was present at high levels in 
MIA-PaCa-2 cells, at moderate levels in COLO-357 cells, 
and at low levels in PANC-1 cells, ld-3 mRNA was not 
detectable in ASPC-1 and CAPAN-1 cells (Figure 3). 
Immunoblot analysis with a highly specific anti-ld-3 anti- 
body revealed an approximately 14-kd band that was most 
abundant in MIA-PaCa-2 cells, and was also readily appar- 
ent in COLO-357 and PANC-1 cells. In contrast, only a faint 
ld-3 band was seen in ASPC-1 and CAPAN-1 cells. Thus, 
with the exception of PANC-1 cells, there "was a good cor- 
relation between td-3 irtRNA and protein levels. 



To determine the localization of ld-1, Id-2, and ld-3, 
immunostaining was carried out using the same highly 
specific anti-Id antibodies. In the pancreatic cancers, 
moderate to strong ld-1 immunoreactivity was present in 
the cancer cells in 9 of 10 Randomly selected cancer 
samples. An example of moderate ld-1 immunoreactivity 
is shown in Figure 4 A, and of strong immunoreactivity in 
Figure 4C (left panel). In contrast, in the normal pancreas, 
faint ld-1 immunoreactivity was present only in the ductal 
cells of pancreatic ducts (Figure 4 B, arrowheads). Pre- 
absorption with the ld-1 -specific blocking peptide com- 
pletely abolished the ld-1 immunoreactivity (Figure 4C, 
right panel): The cancer cells also exhibited strong Id-2 
(Figure 4, D and F, left panel) and moderate to strong ld-3 
immunoreactivity. An example of moderate ld-3 immuno- 
reactivity is shown in Figure 4G, and of strong immuno- 
reactivity in Figure 41 (left panel). In contrast, only faint 
Id-2 immunoreactivity was present in the ductal cells in 
Ihe normal pancreas (Figure 4E), whereas ld-3 immuno- 
reactivity in these cells was more variable and ranged 
from moderate to occasionally strong (Figure 4H). Islet 
cells and acinar cells were always devoid ol Id immunore- 
actrvily. Preabsorption ol the respective antibody with the 
blocking peptides specific for Id-2 (Figure Af, right panel) 
and ld-3 {Figure 41. right panet) completely abolished in> 
rnunoreactivity. Analysis of serial pancreatic cancer sec- 
tions revealed that there was often colocalization of the 



820 Maruyama et at 

AJP Sepiertiber J 999, Vol. 755, A'o. 3 




Figure 6. hmrnn^whtn^y of atypical papillary epithelium in CP .issues. Serial section analysis of some CP samples revested the presence of large duci-like 

^TT^T J^r P *? ? e ' 5 il bC "r- ^ '° mCX,eW,C W <*> and ,d " 2 (B) inimunonactiviiy and weak Id 3 <Q immunoreuctiviry was prLnl in 
cytopfasm of .he cells forming these targe ducts with papillary structures. Some CP samples also exhibited moderate Jd-3 immuooxeactivity in these dells (D). Scile 



three Id proteins. An example of serial sections from a 
pancreatic cancer tissue is shown in Figure 4, A, D, and G. 

ld-1, ld-2, and ld-3 immunoreactivity was also present 
at moderate levels in the cytoplasm of ductal cells within 
CP-like areas adjacent to Ihe cancer cells (Figure 5. A-C). 
As in the normal pancreas, islet cells (outlined by arrow- 
heads) did not exhibit Id immunoreactivity. In 4 of 9 CP 
samples, there were foci of ductal cell dysplasia of rela- 
tively large interlobular ducts, all of which exhibited mod- 
erate to strong ld-1, ld-2. and ld-3 immunoreactivity (Fig- 
ure 5, D-F). Five of 9 CP samples also contained foci of 
large ducts exhibiting atypical papillary epithelium. Serial 
section analysis of one of those CP samples revealed 
mild to moderale ld-1 and ld-2 immunoreactivity arid 
weak ld-3 immunoreactivity in the cells of these atypical 
papillary ducts (Figure 6. A-C). In contrast, in some of 
these CP samples, moderate to strong ld-3 immunoreac- 
tivity was also observed (Figure 6D). However, most ol 
the ductal cells forming the typical ductular structures ol 
CP. such as large interlobular ducts and small proliferat- 
ing ducts, exhibited generally only weak to occasionally 
moderate Id immunoreactivity (data not shown). 



The immunohistochemical data for ld-1, fd-2, and ld-3 
are summarized in Table 1. In the case of ld-1 and ld-2, 
the cancer cells as well as the dysplastic and ;atypical 
papijlary ducts in CP exhibited a significantly higher 
score than the ductal cells in the normal pancreas. In 
contrast; due to the marked variability in ld-3 immuno- 
staining in the normal pancreas, the differences between 
normal and cancer cells and normal and dysplastic cells 
did not achieve statistical significance. 



Discussion 

Id proteins constitute a family ol HLH transcription factors 
that are important regulators of cellular differentiation and 
proliferation. 12 To date, four members of Ihe human Id 
family have been identified. 1 - 10 " 12 Their expiession is 
enhanced during cellular proliferation and in response to 
mitogenic stimuli, 1031 and overexpression ot Id genes 
inhibits differentiation and/or enhances proliferation in 
several different cell types. ie> * 3?3 ' 1 The forced expression 
of ld-1 in mouse small inteslinal epithelium results in 



Id Proteins in Pancreatic Diseases 821 
AJP September J 999, Vol. 755, No. 3 



Table 1. Histological Scoring 







> 


ld-1 


ld-2' 


ld-3 


Normal (n — 
Cancer (n = 
CP (n = 9) 


6) 
10) 


Ductal cells 
Cancer cells 

Typical CP lesions (n = 9) 
Dysplastic ducts {n = 4) 
Atypical papillary ducts {n ~ 5). 


2.0 ± 0.4 
4.5* ± 0.5 
. Z7 ± 0.5 
5.3* ± 0.2 
4.4* ± 0.2 


2.3 ± 0.2 
5.2 s ±0.3 

3.1 ±0.6 
5.8* ± 0.2 
5.2* ± 0.2 


2.5 ± 0.9 
4.5 ± 0.6 
3.4 ± 0.7 
5.3 ± 0.4 
5.0 ± 0.4 



Scoring of the histological specimens was performed as described in the Patients and Methods section. Values are the means ± SD of the number 
of samples indicated in parenthesis. P values are based on comparisons with the respective controls in the normal samples. 
*, P < 0.02; *P.< 0.01; *P » 0.004; 5 P - 0.001. 



adenoma formation in these animals. The growth-pro- 
moting effects of Id genes are thought to occur through; 
several mechanisms. For example; ld-2 can bind to mem- 
bers of the pRB tumor suppressor family, thus blocking 
Iheir growth-suppressing activity, 20,21 and ld-1 and ld-2 
can antagonize the bHLH-mediated activation of known 
inhibitors of cell cycle progression such as the cyclirv 
dependent kinase inhibitor p2i 

In the present study; we determined by Northern blot 
analysis that a significant percentage of human pancre- 
atic cancers expressed increased ld-1, ld-2, and ld-3 
mRNA levels. Increased expression was most evident for 
ld-1 (6.5-fold) and ld-2 (fivefold). In contrast, ld-3 mRNA 
levels were only twofold increased in the cancer samples, 
partly because this mRNA was present at relatively high 
levels in the normal pancreas. Immunhistochemical anal- 
ysis confirmed the presence of ld-1, ld-2, and ld-3 in the 
cancer cells within the tumor mass, whereas in the normal 
pancreas faint ld-1 and ld-2 immunoreactivity and mod- 
erate to occasionally strong ld-3 immunoreactivity was 
present in some ductal cells. Pancreatic acinar and islet 
celts in the normal pancreas were devoid of ld-1, ld-2. 
and ld^3 immunoreactivity. In the cancer samples, all 
three Id proteins often colocafoed in the cancer cells. 
Coexpression of all three Id genes was also observed in 
cultured pancreatic cancer cell lines, which often exhib- 
. ited a close correlation between Id mRNA and protein 
expression. However, in MIA-PaCa-2 there was a diver- 
gence of ld-2 mRNA and protein levels, and in PANC-1 
cells, ld-3 mRNA levels did not correlate well with ld-3 
protein expression. These observations suggest that -in 
these cells.' the hall-life of either Id mRNA or Id protein 
may be altered by comparison with the other cell lines. 
Interestingly, ld-2 immunoblotting revealed two closely 
spaced bands of approximately 16 and 18 kd in 4 of 5 
cell lines. In view of the fact that two possible initiation 
codons have been reported for the ld-2 gene, 36 our 
observation raises the possibility that the two Id-2-immu- 
noreactive bands may represent separate translation 
products of the ld-2 gene. 

Pancreatic cancers often harbor p53 tumor suppressor 
gene mutations 37 and exhibit alterations in apoptosis 
pathways. Thus, these cancers often exhibit increased 
expression of ant t-apopt otic proteins such as Bcl-2 38 and 
abnormal resistance to Fas-ligand-medtated apopto- 
sis. 39 It has been shown recently that forced, constitutive 
expression of Id genes together with the expression of. 
anti-apoptotic genes such as Bcl-2 or BclX L can result in 



malignant transformation of human fibroblasts, 11 raising 
the possibility that the enhanced Id expression in pan- 
creatic cancers together with increased expression of 
anti-apoptotic genes may contribute to the malignant 
potential of pancreatic cancer cells in vivo. 

In the CP tissues there was no significant increase in 
ld-1, ld-2, and ld-3 mRNA levels in comparison to the 
normal pancreas. Immunohistochemical analysis of pan- 
creatic, cancer samples revealed colocalization of weak 
to moderate ld-1, ld-2, and ld-3 immunoreactivity in pro- 
liferating ductal cells in the CP-like regions adjacent to 
the cancer cells, indicating that Id expression was not 
restricted to the cancer cells. Similarly, analysis of CP 
samples indicated weak ld-1, ld-2, and ld-3 immunore- 
activity in the cells of small proliferating ducts and large 
ducts without dysplastic changes. In general, there was a 
correlation between weak immunoreactivity and low Id 
mRNA levels. However, in samples that harbored large 
ducts with papillary structures there was moderate Id 
immunoreactivity, and in the cells forming dysplastic 
ducts there was moderate to strong Id immunoreactivity. 
In these CP samples, Id mRNA levels were relatively 
higher than in the CP samples that were devoid of these 
histological changes. Overall, however, increased Id ex- 
pression, most notably of ld-1 and ld-2, distinguished a 
subgroup of pancreatic cancers from CP (Table 1). 

Epidemiological studies have shown that the risk of 
developing pancreatic cancer is increased up to 16-fold 
in patients with pre-existing CP in comparison to the 
general population. 40 The mechanisms that contribute to 
neoplastic transformation in CP are not known. Although 
there is no established tumor progression model for pan- 
creatic cancer, such as the adenoma-carcinoma se- 
quence of colorectal carcinoma, 41 it is generally ac- 
cepted that K-ras and p16 mutations occur relatively 
early in pancreatic carcinogenesis, whereas p53 muta- 
tions occur late in this process. 37 - 4 1_ 43 Increased Id ex- 
pression may contribute to malignant transformation of 
cultured cell lines in wfro 11 and has been linked to cell 
invasion in a murine mammary epithelial cell line. 44 In 
view of the current findings that ld-1, ld-2, and ld-3 are 
overexpressed in pancreatic cancer and in dysplastic/ 
metaplastic ducts in CP, these observations raise the 
possibility that elevated levels of ld-1. ld-2. and. to a 
lesser extent, ld-3 may represent relatively early markers 
of panoeatic malignant transformation and may contrib- 
ute to the pathobiology of pancreatic cancer. 
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Tightly regulated and inducible expression of a yoked hormone-receptor 
complex w HEK 293 cells. 

Median TP Puett D , Narayan P , 

SSS^ 8 ^^^ and Molecu,ar Bio,ogy ' University Ath -. 

We have previously reported the construction of a constitutively active luteinizing 
hormone receptor by covalentlylinking a fused heterodimeric hormone to the 

coSx ^tT am °c , ° P^™ 1 ^ r ^tor. This yoked hormone-receptor 
complex (TOR) was found to produce high levels of cAMP in the absence of exogenous 
hormone. Stabte Imes expressing YHR were generated in HEK 293 ceils to obtahf uTeT 

.^STflSSST ; howcver ' in a re,atively short time of ^X- g e, 

J was found that YHR expression was greatly reduced. Herein, we describe the 

SbSSLi of hne - re ^^- Characterization of clonal lines revealed 

tight control of YHR expression both by dose and time of incubation with doxycycline 
These experiments demonstrated a good correlation between expression levSrfST 

S££i£ r Prad r CU ° n - MQre0Ver » ^ reduction * re <*P<" exprSn 
fo lowmg doxycychne removal revealed that YHR mRNA and protein decayed at similar 

rates, aga.n suggesting a strong linkage between mRNA and protein leveTrhe 
TfT^ T PreSS '° n ° f YHR in MS 08,1 System wi » dIow *> r detailed analysis 

tc oe Z irT f SOdate< ! ^ C ° nSUtUtiVe feCe P tor activati °« -y P ™ve 
to be advantageous in developmental studies with transgenic animals. . 

PMID: 14766006 [PubMed - indexed for MEDLINE] 
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c-fos and estrogen receptor gene expression pattern in the rat uterine 
epithelium during the estrous cycle. 

Mendoza-Ro d r ipue* CA Mercbant-Larins ff . Segura-Valde? Ml. Mnrgnn- 
Mendoza N , CrazME, Arteaga-Lonez P Camacho-Arrovo T Dominguez R Cerhon 

Facultad de Quimica, Universidad Nacional Autonoma de Mexico, Ciudad Universitaria 
Cpyoacan 04510, Mexico, D:F., Mexico. 

Different studies in ovariectomized estrogen treated animals support the idea that c-fos 
plays a role in the proliferation of uterine epithelial cells. However, these studies invite us 
to reassess the role played by c-fos in epithelial cell types of the endometrium during the 
estrous cycle. The present study was undertaken to determine the c-fos and estrogen 
receptor (ER) gene expression pattern in the rat uterine epithelium during the estrous 
cycle m which natural and cyclic changes of steroid hormones occur, and correlate these 
changes with the proliferation status of this cellular types. Proliferation was assessed 
during the estrous cycle using bromodeoxyuridine incorporation to DNA. ERalpha and 
beta proteins were assessed by immunohistochemistry. The regulation of c-fos gene 
expression in the uterus of intact animals during the estrous cycle was evaluated using 
both in situ hybridization and immunohistochemishy. Estradiol (E(2)) and progesterone 
(P(4)) plasma levels were assessed by radioimmunoassay. The results indicated that 
luminal (LE) and glandular epithelia (GE) presented maximal proliferation during the 
metestrus (M) and the diestrus (D) days. However, during the proestrus (P) day only LE 
presented proliferation, and during the estrus (E) day only the stromal cells proliferated. 
A marked immunostaming for ERalpha was detected in both LE and GE cells during the 
early phases of the cycle but diminished on the P and the E day. In contrast, ERbeta was 
undetectable in both epithelia during all stages of the cycle/The highest c-fos mRNA 
level was detected in both epithelia on the M day, followed by a significant reduction 
during the other days of the cycle. The highest protein content was observed on the M 
and D days, and the minimal value was detected on the E day. the c-Fos protein level in 
LE was increased during M and D days, presenting a high correlation with the cellular 
proliferation pattern of this cell type. In conclusion, the overall results indicate that c-Fos 
protein presented a good correlation with uterine epithelial cell proliferation of LE In the 
case of GE, the same tendency was observed, although no significant correlation was 
found. Both m LE and GE, c-fos mRNA did not strictly correlate with its protein levels 
c-fos seems to have a postranscriptional regulation in uterine epithelial cells during the 
rat's estrous cycle. Copyright 2003 Wiley-Liss, Inc. 

PMID: 12589649 [PubMed - indexed for MEDLINE] 
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[3HJMK-801 binding and- the mRNA for the NMDARl subuait of the 
NMDA receptor arc differcutiaUy distributed in human and rat forebrain. 

McouiP, Mugnaini IVT . Bunncmann BH . Trist DG. Bowery NG . 

Department of Pharmacology, Medical School, University of Birmingham, UK. 
meomp@novell5.bham.ac.uk 

The distributions of [3H]MK-80l binding and the NMDA NRI subunit mRNA were 
studied using receptor autoradiography and in-situ hybridization in rat and human brain 
whole-hemisphere coronal sections. Receptor protein detected by radioligand 
autoradiography and the mRNA for the key subunit of the receptor presented similar 
distributions in the forebrain, with a few areas showing an imbalance between the levels 
of mRNA and receptor protein. Human frontal cortex showed a relative abundance of 
NMDARl mRNA as compared to [3H]MK-80l binding. The same area in rat brain did 
not show any difference in the two distributions. In comparison, the rat claustrum 
presented a relative excess of NMDARl mRNA which was not detected in human 
sections. Human caudate nucleus exhibited relatively high levels of [3HJMK-801 binding 
that were unmatched in rat caudate. The hippocampi of either species presented similar 
levels of [3H]MK-801 binding and NMDARl mRNA, but when the two signals were 
measured m specific subfields of the hippocampal formation, the differential distribution 
of the two signals reflected the anatomy of hippocampal connections assuming a 
preferential dendritic distribution for MK-801 binding. Interestingly, rat and human 
hippocampi also showed some important species-dependent difference in the relative 
distribution of the receptor protein and mRNA. The data presented show an overall good 
correlation between the mRNA for the key subunit of the NMD A receptor and the 
functional receptor detected with radioligand binding and highlight the presence of local 
differences in their ratio. This may reflect different splicing of the mRNA for the 
NMDARl subunit in specific brain areas of rat and human. The species-dependent 
differences in the relative distribution of the mRNA for the key subunit of the NMDA 
receptor and that of a marker of functional receptors also highlights important di fferences 
m the NMDA function in rat and human brain. 
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Translation Initiation in Cancer: A Novel Target for Therapy 1 
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Abstract 

Translation initiation is regulated in response to 
nutrient availability and mitogenic stimulation and is 
coupled with cell cycle progression and ceB growth. 
Several alterations in translations! control occur m 
cancer. Variant mRNA sequences can alter the 
translations! efficiency of individual mRNA molecules, 
which in turn play a role in cancer biology. Changes in' 
the expression or availability of components of the 
translational machinery and in the activation of 
translation through signal transduction pathways can 
lead to more global changes, such as an increase in 
the overall rate of protein synthesis and transitional 
activation of the mRNA molecules involved in cell 
growth and proliferation. We review the basic 
principles of translation! control, the alterations 
encountered in cancer, and selected therapies 
targeting translation initiation to help elucidate new 
therapeutic avenues. • 

Introduction 

The fundamental principle of molecular therapeutics in can- 
cer is to exploit the differences in gene expression between 
cancer cells and norma! cells. With the advent of cDIMA array 
technology, most efforts have concentrated on identifying 
differences in gene expression at the level of mRNA, which 
can be attributable either to DMA amplification or to differ- 
ences in transcription. Gene expression is quite complicated, 
however, and is also regulated at the level of mRNA stability, 
mRNA translation, and protein stability. 

The power of transitional regulation has been best recog- 
nized among developmental biologists, because transcription 
does not occur in early embryogenesis in eukaryotes. For ex- 
ample, in Xenopus, the period of transcriptional quiescence 
continues until the embryo reaches midbfastula transition, the 
4000-cell stage. Therefore. aJI necessary mRNA molecules are 
transcribed during oogenesis and stockpiled in a transtotionafly 
inactive, masked form. The mRNA are trartsJatronafJy activated 
at appropriate times during oocyte maturation, fertilization, and 



early embryogenesis and thus, are under strict transbtfona) 
control 

Translation has an established role in cell growth. Basi- 
cally, an increase in protein synthesis occurs as a . conse- 
quence of mftogenesjs. Until recently, however,, little was 
known about the alterations in mRNA translation in cancer, 
and much is yet to be discovered about their role in the 
development and progression of cancer. Here we review the 
basic principles of translational control, the alterations en- 
countered in cancer, arid selected therapies targeting transJa- . 
lion nnftiatiori to elucidate potential new therapeutic avenues. 

Basic Principles of Translational Control 
Mechanism of Transition initiation 
Translation initiation is the main step nrt translational regulation. 
Translation initiation is a complex process in which the initiator 
tRNA and the AOS and 60S ribosomal subunits are recruited to 
the 5' end of a mRNA molecule and assembled by eukaryotic 
translation initiation factors into an SOS rfcosome at the start 
codon of the mRNA (Rg. 1). The 5' end of eukaryotic mRNA is 
capped, Le., contains the cap structure m 7 GpppN (7-methyf 
guarxtsine-tririiospho^ Most translation in 

eukaryotes occurs in a cap-dependent fashion, /.&, the cap is 
specifically recognized by the elME, 3 which binds the 5' cap. 
The elF4F translation initiation complex is then formed by the 
assembly of e!F4E, the RNA heficase elF4A, and elF4G, a 
scaffolding protein that mediates the binding of the 40S ribo- 
somal submit to the mRNA molecule through interaction with 
the elF3 protein present on the 40S ribosome. elF4A and elF4B 
participate in melting the secondary structure of the 5' UTR of 
the mRNA The 43S initiation complex (40S/elF2/MeMRN/V 
GTP complex) scans the mRNA in a 5'->3' direction until it 
encounters an AUG start codon. This start codon is then base- 
paired to the anticodort of initiator tRNA, forming the 48S initi- 
ation complex. The initiation factors are then displaced from the 
48S complex, and the 60S. ribosome pins to form the 80S 
ribosome. 

Unlfte most eukaryotic translation, translation initiation of 
certain mRNAs, such as the ricomavirus RNA, is cap inde- 
pendent and occurs by internal ribosome entry. This mecha- 
nism does not require eJF4E. Either the 43S complex can bind 
the initiation codon directly through interaction with the IRES in 
the 5' UTR such as in the encepnaxxnyocarditis virus, or it can 
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ivrtranstated region; IRES, internal ribosome entry site: 4E-8P1, eukaryotic 
initiation factor 4E-tsndtng protein 1; S6K. ribosomal p/0 S6 kinase; roTOR. 
mammaftan target ot rapamydn; ATM. ataxia telangiectasia mutated; PDK, 
prrosphatxiy&nosilol 3- kinase; PTEN. phosphatase and tensin hwrrotog de- 
leted from Chromosome 10. PR2A. protein phosphatase 2A; TG^p3. trans- 
forming growth tactor-03; PAP. pofytA) polymerase; EPA. ekosopentaenoc 
acid; rrxte-7. rnetanomadtttereiitialion-associaled gene 7. 
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Fig. 1. Translation initiation in euxaryoles. The 4E-BPs are fiyperphos- 
phoryiated to release e)F4E so that il can interact with the 5' cap. and the 
eIF4F initiation complex is assembled. The interaction of poty(A) binding 
protein with the initiation complex and circularizalton of the mRNA is not 
depicted in the diagram The secondary structure of the 5' UTR is melted, 
the 4 OS ribosomaJ subunit is bound to elF3, and the ternary complex 
consisting of e)F2, GTP, and the Met-tRNA are recruited to the mRNA. The 
ribosome scans the mRNA in a 5*-*3' dvection unta an AUG start codon 
is found in the appropriate sequence context The initiation factors are 
released, and the large ribosomaJ sub unit is recruited. 



initially attach to the IRES and then reach the initiation codon by 
scanning or transfer, as is the case with the pofiovirus (1). 

Regulation of Translation Initiation 
Translation initiation can be regulated by alterations in the 
expression or phosphorylation status of the various factors 
involved. Key components in translatronal regulation that 
may provide potential therapeutic targets follow. 

elF4E. e(F4E plays a central role in translation regulation. 
It is the least abundant of the initiation factors and is con- 
sidered the rate-limiting component tor initiation of cap- 
dependent translation. elF4E may also be involved in mRNA 
splicing, mRNA 3' 'processing, and mRNA nucleocytoptas- 
mic transport (2). elF4E expression can be increased at the 
transcriptional level in response to serum or growth factors 
(3). elF4E overexpression may cause preferential translation 
of mRNAs containing excessive secondary structure in their 
5' UTR that are normally discriminated against by the trans- 



rationaf machinery and thus are inefficiently translated (4-7). 
As examples of this, overexpression of elF4E promotes in- 
creased translation of vascular endothelial growth factor, 
fftroblast growth factor-2, and cycBn D1 (2, 8, 9). 

Another mechanism of control b the regulation of elF4E 
rjfrosphorylation. elF4E rjhosphorylatton is mediated by the 
mitogen-actrvated protein kir^se- interacting kinase 1 , which 
is activated by the mftogetvactfvated pathway activathg 
extracellular signal-related kinases and the stress-activated 
pathway acting through p38 rnitogen-activat ed protein ki- 
nase (10-13). Several mitogens, such as serum, platelet- 
derived growth factor, epidermal growth factor, insulin, 
angiotensin II, sre kinase overexpression, and ras over- 
expression, lead to elF4E phosphorylation (14). The phos- 
phorylation status of elF4E is usually correlated , with the 
trans tattonal rate and growth status of the cell; however; 
elF4E phosphorylation has also been observed in response 
to some cellular stresses when transtational rates actually 
decrease (15). Thus, further study Is needed to understand 
the effects of elF4E phosphorylation on eIF4E activity. 

Another mechanism of regulation Is the alteration of elF4E 
availability by the binding of e!F4E to the elF4E-binding pro- 
teins (4E-BP, also known as PHAS-I). 4E-BPs compete with 
elF4G for a binding site in elF4E. The binding of elF4E to the 
best characterized elF4E-bindtng protein, 4E-BP1, is regu- 
lated by 4&BP1 phc^pTKjrytatioa Hyoophosphorylated 4E- 
BP1 binds to elF4E, whereas 4E-BP1 hyperphosphorylation 
decreases this binding. InsuTin, angiotensin, epidermal 
growth factor, platelet-derived growth factor, hepatocyte 
growth factor, nerve growth factor, hsulin-like growth factors 
I and II, ihterleukin 3, g/anulocyte-macrophage colony- stim- 
ulating factor + steel factor, gastrin, and the adenovirus have 
all been reported to induce rjhosphorytetion of 4E-BP1 and 
to. decrease the ability of 4E-BP1 to bind elF4E (15, 16). 
Conversely, deprivation of .nutrients or growth factors results* 
in 4E-BP1 dephosphorylation, an increase in elF4E binding, 
and a decrease in cap- dependent translation. 

p70 S6 Kinase. Phosphorylation of ribosomal 40S protein 
S6 by S6K is thought to play an important role in translational 
regulation. S6K -/- mouse embryonic cells proliferate more 
slowly than do parental cells, dernonstrating that S6K has a 
positive influence on ceB prc^feration (17). S6K regulates the 
translation of a group of mRNAs possessing a 5' terminal 
orfgopyrimicfine tract (5' TOP) found at the 5' UTR of ribosomal 
protein mRNAs and other mRNAs coding for components of 
the transtetfonal macrwnery. Phosphorylation of S6K is regu- 
lated in part based on the avaMnfiry d nutrients (18, 19) and is 
stimulated by several growth factors, such as platelet-derived 
growth factor and insui in-like growth factor I {20). 

elF2» Phosphorylation. The binding of the initiator tRNA 
to the small ribosomal unit is mediated by translation initia- 
tion factor elF2. Phosphorylation of the cr-subunit of e)F2 
prevents formation of the elF2/GTP/Met-tRJ\IA complex and 
inhibits global protein synthesis {21, 22). elF2a is phospho- 
rylated under a variety of conditions, such as viral infection, 
nutrient deprivation, heme deprivation, and apoptosis (22). 
etF2cr is phosphor/ lated by heme-regutated inhibitor, nutnent- 
regulated protein kinase, and the IFN-rnduced, double- 
stranded RNA-activated protein lunase (PKR; Ref. 23). 
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The mTOR Signaling Pathway. The macrofide antibiotic 
rapamycin (Siralimus; Wyeth-Ayerst Research, Coflegevifle, 
PA) has been the subject of intensive study because it in- 
habits signal transduction pathways involved inT-cefl activa- 
tion. The rapamycin- sensitive component of these pathways 
ismTOR (also called FRAP or RAFT1). mTOR is the mam- 
malian bomologue of the yeast TOR proteins that regulate G, 
progression and translation in response to nutrient avaflabi^ 
ity (24). mTOR is a serine-threonine kinase that modulates 
translation initiation by altering the phosphorylation status of 
4E r BP1 and S6K (Rg. 2; Ref. 25). 

4&BP1 is phosphorylated on multiple residues. mTOR phos- 
phorylates the Thr-37 and Thr-46 residues of 4E-BP1 in vitro 
(26); however, phosphorylation at these sites is not associated 
with a loss of elF4E binding. Phosphorylation of Thr-37 and 
• Thr-46 is required for subsequent phbsprioryfation at several 
COOH-terminal, semrn-sensftive sites; a cornbtnation of these 
phosphorylation events appears to be needed to inhibit the 
binding of 4&BP1 to e(F4E (25). "The product of the ATM gene, 
P38/MSK1 pathway, and protein, kinase Co also play a rote in 
4E-BP1 phosphorylation i?7~2fy. 

S6K and 4E-BP1 are also regulated, in part, by PI3K and its 
downstream protein kinase Akt PTEN is a phosphatase that 
negatively regulates TOK signaling. PTEN nuB cells have 
constitutivery active of Akt. with increased S6K activity and 
S6 phosphorylation (30). S6K activity is inhibited both by 
PI3K inhibitors wortmannin and LY294002 and by mTOR 
inhibitor rapamycin (24). Akt phosphorytates Ser-2448 in 
mTOR in vitro, and this site is phosphorylated upon Akt 
activation in vivo (31-33). Thus, mTOR is regulated by the 
PI3K/AW pathway; however, this does not appear to be the 
only mode of regulation of mTOR activity. Whether the PI3K 
pathway also regulates S6K and 4E-BP1 phosphorylation 
independent of mTOR is controversial. 

Interestingly, mTOR autophosphorylation is blocked by wort- 
mannin but not by rapamycin £4). This seeming inconsistency 
suggests that mTOR-responsive regulation of 4E-BP1 and S6K 
activity occurs through a mechanism' other than intrinsic mTOR 
kinase activity; An alternate pathway for 4E-BP1 and S6K phos- 
phorylation by mTOR activity is by the inhibition of a phospha^ 
tase. Treatment with calycuBn A, an inhibitor of phosphatases 1 
and 2A, reduces rapamycin-induced depnosphorytation of 4E- 
BP1 and S6K by rapamycin (35). PP2A interacts with fuH-length 
S6K but not with a S6K mutant that is resistant to depbospho- 
rylation resulting from rapamycin. mTOR phosphorylates PP2A 
in vitro; however, how this process aiters PP2A activity is not 
known. These results are consistent with the model that phos* 
phoryialion of a phosphatase by mTOR prevents dephospho- 
rylation of 4E-BP1 and S6K, and conversely, that nutrient dep- 
rivation and rapamycin block inhibition of the phosphatase bv 
mTOR 1 

Potyadenylation. The poty(A) tail in eukaryotic mRNA is 
important in enhancing translation mit«t>on and mRNA sta- 
bility. Poryadenylation plays a key role in regulating gene 
expression during oogenesis and early embryogenesis. 
Some mRNA that are IranslationaUy inactive in the oocyte are 
poryadenytated concomitantly with translations! activation in 
oocyte maturation, whereas other mRNAs that are transit 
tionalfy active during oogenesis are deadenylated and trans- 
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fig. 2. Regulation of translation initiation by signal transduction path- 
ways. Signaling via p38, extraceflutar signal-related kinase. PI3K, and 
mTOR can aH activate translation initiation. 



rationally silenced (36-38). Thus, control of pory(A) tail syn- 
thesis is an important regulatory step in gene expression. 
The 5' cap and poly(A) tail are thought to function synergis- 
ticaJIy to regulate mRNA translational efficiency (39, 40). 

RNA Packaging. Most RN/V- binding proteins are assem- 
bled on a transcript at the time of transcription, thus deter-, 
mining the translational fate of the transcript (41). A highly 
conserved family of Y-box proteins is found in cytoplasmic 
messenger ribonucleoprotein particles, where the proteins 
are thought to play a role in restricting the recruitment of 
mRNA to the translational machinery (41-43). The major 
mRNA-associated protein, YB-1, destabilizes the interaction 
of elF4E and the 5' mRNA cap in vitro, and overexpression of 
YB-1 results in translational repression in vivo (44). Thus, 
alterations in RNA packaging can also play an important rote 
in translational regulation. 

^ * * 

Translation Alterations Encountered in Cancer 
Three mam alterations at the translational level occur in cancer 
variations in mRNA sequences that increase or decrease trans- 
lational efficiency, changes in the expression or availability of 
cornponents of the translational machinery, and activation of 
translation through aberrantly activated signal transduction 
pathways. The first alteration affects the translation of an incfi- 
vidual mRNA that may play a role in carcinogenesis. The sec- 
ond and third alterations can lead to more global changes, such 
as an increase in the overall rate of protein synthesis, and the 
translational activation of several mRNA species. 

Variations in mRNA Sequence 

Variations in mRNA sequence affect the translational effi- 
ciency of the transcript. A brief description of these variations 
and examples of each mechanism follow. 

Mutations. Mutations in the mRNA sequeVice. especially 
in the 5' UTR. can alter its translational efficiency, as seen in 
the following examples. 
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c-myc Saito ef at proposed that translation of full-length 
c-myc is repressed, whereas in several Burkrtt lymphomas 
that have deletions of the mRNA 5' UTB, translation of c-myc 
is more efficient (45). More recently, it was reported that the 
5' UTR of c-myc contains an IRES, and thus c-myc transla- 
tion can be initiated by a cap-independent as well as a 
cap-dependent mechanism (46, 47). In patients with multiple 
myeloma, a C-»T mutation in the c-myc IRES was identified 
(48) and found to cause an enhanced initiation of translation 
via internal ribosomal entry (49). 

BRCA1. A somatic point mutation (117 G^C) in position 
-3 with respect to the start codon of the BRCA1 gene was 
identified in a highly aggressive sporadic breast cancer (50). 
Chimeric constructs consisting of the wild-type or mutated 
BRCA1 5' UTR and a downstream luciferase reporter dem- 
onstrated a decrease hi the transitional efficiency with the 5' 
mR mutation. 

Cyclin-dependent Kinase Inhibitor 2A. Some inherited 
melanoma kindreds have a G->T transversion at base -34 
of cydin-dependent kinase hhibitor-2A, which encodes a 
cyclirvdependent kinase 4/cyclirv dependent kinase 6 kinase 
inhibitor important in G, checkpoint regulation (51): This 
mutation gives rise to a novel AUG translation initiation 
- codon, creating an upstream open reading frame that com- 
petes for scanning rtoosomes and decreases translation 
from the wild-type AUG. 

Alternate Splicing and Alternate Transcription Start 
Sites. Alterations in splicing and alternate transcription sites 
can lead to variations in 5' UTR sequence, length, and second- 
ary structure, ultimately impacting translational efficiency. 

ATM. The ATM gene has four noncoding exons in its 5' 
UTR that undergo extensive alternative splicing (52) The 
contents of. 12 different 5' UTRs that show considerable 
diversity in length and sequence have been identified. These 
divergent 5' leader sequences play an important role in the 
translational regulation of the ATM gene. 

mdm. In a subset of tumors, overexpression of the onco- 
protein mdm2 results in enhanced translation of the mdm2 
mRNA Use of different promoters leads to two mdm2 tran- 
scripts that differ only in their 5' leaders (53). The longer 5' 
UTR contains two upstream open reading frames, and this 
mRNA is loaded with ribosomes inefficiently compared with 
the short 5' UTR. 

BBCA1. In a normal mammary gland. BRCA1 mRNA is 
expressed with a shorter leader sequence (5'UTRa). whereas 
. tn sporadic breast cancer tissue; BRCA1 mRNA is expressed 
wrth .a longer leader sequence (5' UTRb); the translational 
efficiency of transcripts containing 5' UTRb is 10 times lower 
than that of transcripts containing 5* UTRa (54). 

TGF-&X TGF-03 mRNA includes a 1.1-kb 5' UTR, which 
exerts an inhibitory effect on translation. Many human breast - 
cancer celt lines contain a novel TGF-03 transcript with a 5' 
UTR that is 870 nucleotides shorter and has a 7-fold greater 
translational efficiency than, the normal TGF-03 mRNA (55). 

Alternate Poryadenyiation Sites. Multiple poryaderryll 
atwn signals leading to the generation of several transcripts 
with Altering 3' UTR have been described for several mRNA 
spec.es. such as the RET prolo-oncogene (56). ATM gene 
(52), tissue inhibitor of metaIloproteinases_3 (57), RHOA 



proto-oncogene (58), and calmodulin- 1 (59). Although the 
effect of these alternate 3' UTRs on translation is not yet 
known, they may be important in RNA-protein interactions 
that affect translational recruitment. The role of these alter- 
ations in cancer development and progression is unknown. 

Alterations in the Components of the 
Translation Machinery 

Alterations in the components of translation machinery can 
take many forms. 

Overexpresssion of eIF4E. Overexpression of elF4E 
causes malignant transformation in rodent cells (60) and the 
deregulation of HeLa ceil growth (61). Polunovsky et a/. (62) 
found that elF4E overexpression substitutes for serum and 
individual growth factors in preserving viability of fibroblasts, 
which suggests that elF4E can mediate both proliferative and 
survival signaling. 

Elevated levels of elF4E mRNA have been found in a broad 
spectrum of transformed cell lines (63). elF4E levels are 
elevated in all ductal carcinoma in situ specimens and inva- 
sive ductal carcinomas, compared with benign breast spec- 
imens evaluated with Western blot analysis (64, 65). Prelim- 
inary studies suggest that this overexpression is attributable 
to gene amplification (66). 

There are accumulating data suggesting that eIF4E overex- 
pression can be valuable as a prognostic marker. elF4E over- 
expression was found in a retrospective study to be a marker of 
poor prognosis in stages I to III breast carcinoma (67). Verifica- 
tion of the prognostic value of elF4E in breast cancer is now 
under way in a prospective trial (67). However, in a different 
study, elF4E expression was correlated with the aggressive 
behavior of non-Hodgkin's lymphomas (68). In a prospective 
analysis of patients with head and neck cancer, elevated levels 
of elF4E hi histologically tumor-free surgical margins predicted 
a significantly increased risk of local-regional recurrence (9). 
These results all suggest that'elF4E overexpression can be 
used to select patients who might benefit from more aggressive 
systemic therapy. Furthermore, the head and neck cancer data 
suggest that elF4E overexpression is a field defect and can be 
used to guide local therapy. 

Alterations in Other Initiation Factors. Alterations in a 
number of other initiation factors have been associated with 
cancer. Overproduction of e!F4G, similar to e)F4E, leads to 
malignant transformation in vitro (69). eiF-2a is found in 
increased levels in bronchiofoalveolar carcinomas of the lung 
(3). Initiation factor elF-4A1 is overexpressed in melanoma 
(70) and hepatocellular carcinoma (71). The p40 subunil of 
translation initiation factor 3 is amplified and overexpr ess ed 
in breast and prostate cancer (72), and the elF3-p1 10 subunil 
is overexpressed in testicular seminoma (73). The role that 
overexpression of these iniliation factors plays on the devel- 
opment and progression of cancer, if any, is not known. 

Overexpression of S6K. S6K is amplified and highly 
overexpressed in the MCF7 breast cancer cell line, com- 
pared with normal mammary epithelium (74). In a study by 
Barlund ef 3L (74), S6K was amplified in 53 of 668 primary 
bieast tumors, and a statically significant association was 
observed between amplification and poor prognosis. 
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Overexpression of PAP. PAP catalyzes 3' poly(A). syn- 
thesis. PAP is over expressed in human cancer ceDs com- 
pared with norma! and viraJry transformed cells (75). PAP 
enzymatic activity in breast tumors has been correlated with 
PAP protein levels (76) and, in mammary tumor cytosote, was 
found to be an independent factor for predicting survival (76). 
Little is known, however, about how PAP expression or ac- 
tivity affects the transnational profile. 

Alterations in RNA^binding Proteins. Even less is known 
about alterations in RNA packaging in cancer. Increased ex- 
pression and nuclear localization of the RNA-bindlng protein 
YB-t are indicators of a poor prognosis for breast cancer (77), 
non-small cell lung cancer (78), and ovarian cancer (79). How- 
ever, this effect may be mediated at least in part at the level of 
transcription, because YB-1 increases cherrxiresistance by en- 
hancing the transcription of a multidrug resistance gene (80). 

Activation of Signal transduction Pathways 
Activation of signal transduction pathways by loss of tumor 
suppressor genes or overexpresskxi of certain tyrosine kinases 
can contribute to the growth and aggressiveness of tumors. An 
important mutant in human cancers is the tumor suppressor 
gene PTEN, which leads to the activation of the Pt3K/Akt path- 
way. Activation of PI3K and Akt induces the oncogenic trans- 
formation of chicken embryo fibroblasts. The transformed celfe 
show constitutive phosphorylation of S6K and of 4E-BP1 (81). 
A mutant Akt that retains kinase activity but does not phos- 
pborylate S6K or 4E-BP1 does not transform fibroblasts, which 
suggests a correlation between the oncogenicity of POK and 
Akt and the phosphorylation of S6K and 4E-BP1 (81). 

Several tyrosine kinases such as platelet-derived growth 
factor, insulin- like growth factor, HER2/neu, and epidermal 
growth factor receptor are over ex pressed in cancer. Be- 
cause these kinases activate downstream signal transduc- 
tion pathways known to alter translation initiation, activation 
of translation is Bkety to contribute to the growth and. aggres- 
siveness of these tumors. Furthermore, the mRNA for many 
of these kinases themselves are under translational control. 

. For example, HER2/neu mRNA is translationafly controlled 
both by a short upstream open reading frame that represses 
HER2/neu translation in a cell type-independent manner and 
by a distinct ceH type-dependent mechanism that increases 
translational efficiency (82). HER2/neu translation is different 
in transformed and normal cells. Thus, it is possible that 
alterations at the translational level can in part account for 
the discrepancy between HER2/neu gene amplification de- 

- tected by fluorescence in situ hybridization and protein levels 
detected by imrnunohistochemfcal assays. 

Translation Targets of Selected Cancer Therapy 
Components of the translation machinery and signal path- 
ways involved in the activation of translation initiation repre- 
sent good targets for cancer therapy. 

Targeting the mTOR Signaling Pathway: Rapamycin 
ond Tumstatin 

Rapamycin inhibits the proliferation of lymphocytes. It was 
initially developed as an immunosuppressive drug for organ 



transplantation. Rapamycin with FKBP 12 (FK50&-binding 
protein, M f 12,000) binds to mTOR to inhibit its function. 

Rapamycin causes a small but significant reduction in the 
Initiation rate of protein synthesis (83). It blocks cell growth in 
part by blocking S6 phosphorylation and selectively sup- 
pressing the translation of 5' TOP mRNAs, such as ribosomal 
proteins, and elongation factors (83-85). Rapamycin also 
blocks 4E-BP1 phosphorylation and inhibits cap-dependent 
but not cap-independent translation (17, 86). 

The rapamydrvsensitive signal transduction pathway, acti- 
vated during malignant transformation and cancer progression, 
is now being studied as a target for cancer therapy (87). Pros- . 
tate, breast, small celt lung, gjKJblastorna, melanoma, and T-ceO 
leukemia are among the cancer lines most sensitive to the 
rapamycin analogue CO-779 (Wyeth-Ayerst Research; Ref. 
87). In rriabdomyccearcorna ceO fines,, rapamycin is either cyto- 
static or cytocida!, depending on the p53 status of the celt; p53 
wild-type cells treated with rapamycin arrest in the G, phase 
and maintain their viability, whereas p53 mutant cells accumu- 
late in G, and undergo apoptosis (88, 89% In a recently reported 
study using human primitive neuroectodermal tumor and 
meduBobrastpma models, rapamycin exhibited more cytotox- 
icity in combination with cisplatin and camptothecin than as a 
single agent In vivo, CO-779 delayed growth of xenografts by 
1 60% after 1 week of therapy and 240% after 2 weeks. A single 
high-dose administration caused a 37% decrease in tumor 
volume. Growth inhibition in vivo was 1.3 times greater, with 
cisplatin in combination with C0779 than with cisplatin alone 

(90) . Thus, precffrocaJ studies suggest that rapamycin ana- 
logues are useful as single agents and in combination with 
chemotherapy. 

Rapamycin analogues CCt-779 and RAO001 (Novartis, 
Basel, Switzerland) are now in clinical trials. Because of the 
known effect of rapamycin on lymphocyte proliferation, a 
potential problem with rapamycin analogues is immunosup- 
pression. However, although prolonged immunosuppression 
can result from rapamycin and CCl-779 administered on 
continuous-dose schedules, the immunosuppressive effects 
of rapamycin analogues resolve in —24 h after therapy 

(91) . The principal toxicities of CCl-779 have included der- 
matotogtcal toxicity, myelosuppression, infection, mucositis, 
diarrhea, reversible, elevations in Bver function tests, hyper : 
glycemia, hypokalemia, hypocalcemia, and depression (87, 
92-94). Phase II trials of CCl-779 have been conducted in 
advanced renal cell carcinoma 3nd in stage Ill/TV breast 
carcinoma patients who failed with prior chemotherapy. In 
the results reported in abstract form, although there were no 
complete responses, partial responses were documented in 
both renal cell carcinoma and in breast carcinoma (94, 95). 
Thus, CCl-779 has documented preliminary clinical activity in 
a previously treated, unselected patient population. 

Active investigation is under way into patient selection for 
mTOR inhibitors. Several studies have found an enhanced 
efficacy of CCl-779 in PTEN-null tumors (30, 96). Another 
study found that six of eight breast cancer cell lines were 
responsive to CCl-779, although only two of these lines 
lacked PTEN (97) There was, however, a positive corretat>or> 
between Akt activation and CCl-779 sensitivity (97). This 
correlation suggests that activation of trie PI3K-AM pathway. 
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regardless of whether it is attributable to a PTEN mutation or 
to overexpresstoo of receptor tyrosine kinases, makes can- 
cer cell amenable to mTORnfrected therapy. In contrast, 
lower levels of the target of mTOR, 4E-BP1, are associated 
with rapamycin resistance; thus, a tower 4E-BP1/elF4E ratio 
may predict rapamycin resistance (98). 

Another mode of activity for rapamycin and its analogues 
appearsto be through inhibition of arajiogenesis. This activ- 
ity may be both through direct inhibition of endothelial cell 
proliferation as a result of mTOR inhibition in these cells or by 
inhibition ol translation of such proengiogenic factors as 
vascular endothelial growth factor in tumor cells (99, 100). 

The angiogenesis inhibitor tumstatin, another anticancer 
drug currently under study, was also found recently to inhibit 
translation in endothelial cells (tOt). Through a requisite in- 
teraction with tntegrin, tumstatin inhibits activation of the 
PBK/Akt pathway and mTOR in endothelial cells and pre- 
vents dissociation of elF4E from 4E-BP1, thereby inhibiting 
cap-dependent translation. These findings suggest that en- 
dothelial cells are especially sensitive to therapies targeting 
the mTOR-signalirtg pathway. 



ment also reduces the expression of angiogenic factors (115) 
and has been proposed as a potential ao^uvarrt therefor head 
and neck cancers, particularly when elevated elF4E is found in 
surgical margins. Small molecule inhibitors that bind the elf AG/ 
4E-BP1 -binding domain of e!F4E are proapoptotic (116} and 
are also being actively pursued 

A - * 

Exploiting Selective Translation for Gene Therapy 
A different therapeutic approach thai takes advantage of the 
enhanced cap-dependent translation in cancer cells is the use 
of gene therapy vectors encoding suicide genes with highly 
structured 5' UTR These mRNA would thus be at a competitive 
disadvantage n normal cells and not translate weB, whereas in 
cancer cells, they would translate more efficiently. For example, 
the introduction of the 5' ITTR of fibroblast growth factor-2 5' to 
the ceding sequence of herpes simplex virus type-1 thymidine 
kinase gene, allows for selective translation ol herpes simplex 
virus type-1 thymidine kinase gene in breast cancer cell fines 
compared with rwrrnal mammary cefl fines and results in se- 
lective sensitivity to garKaclow (117). 



Targeting elF2cc EPA, Clotrimazole, mda-7, 
and Flavonoids 

EPA is an n-3 polyunsaturated fatty acid found in the fish- 
based diets of populations having a low incidence of cancer 
(102). EPA inhibits the proliferation of cancer cells (103), as 
well as in animal models (104, 105). It blocks cell division by 
inhibiting translation initiation (105): EPA releases Ca 2 "*" from 
intracellular stores while inhibiting their refilling, thereby ac- 
tivating PKR. PKR, in turn phosphorylates and inhibits e!F2cr, 
resulting in the inhibition of protein synthesis at the level of 
translation initiation. Similarly, clotrimazole, a potent antipro- 
liferative agent in vitro and in vivo, inhibits cell growth through 
depletion of Ca 2 " stores, activation of PKR, and phospho- 
rylation of eIF2a (106). Consequently, clotrimazole preferen- 
tially decreases the expression of cycltns A, E, and Dt, 
resulting in blockage of the cell cycle in G t . 

mda-7 Is a novel tumor suppressor gene being developed 
as a gene therapy agent. Adenoviral transfer of mda-7 (Ad- 
mda7) induces apoptosis in many cancer cells including 
breast, colorectal, and lung cancer (107-109). Ad-mda7 also 
induces and activates PKR, which leads to phosphorylation 
of e)F2a and. induction of apoptosis (110). 

Flavonoids such as genistetn and quercetin suppress tu- 
mor cell growth. AH three mammalian elF2a kinases, PKR, 
heme-regulated inhibitor, and PERK/PEK, are activated by 
flavonoids, with phosphorylation of elF2a and inhibition of 
protein synthesis (111)^ 



Targeting elF4A and elF4E: Antisense RNA 
and Peptides 

Anttsense expression of elF4A decreases the proliferation rate 
of melanoma cells (1 12). Sequestration of elF4E by overexpres- 
sion ol 4E-BP1 is proapoptotic and decreases tumorigenicity 
(113, 114). Reduction of eIF4E with anlisense RNA decreases 
soft agar growth, increases tumor latency, and increases the 
rates of tumor doubling times (7). Antisense elF4E RNA treat- 



Toward the Future 

Translation is a crucial process in every cell. However, several 
alterations in translation^ control occur in cancer. Cancer cells 
appear to need an aberrantly activated translational state for 
survival, thus allowing the targeting of translation initiation with 
surprisingly low toxicity. Components of the translational ma- 
chinery, such as elF4E, and signal transduction pathways in- 
volved in translation initiation, such mTOR, represent promising 
targets for cancer therapy. Inhibitors of the mTOR have already 
shown some preliminary activity In clinical trials. It is possible 
that with the development of better predictive markers and 
better patient selection, response rates to single-agent therapy 
can be improved. Similar to other cytostatic agents, however, 
mTOR inhibitors are most likely to achieve clinical utility in 
combination therapy. In the interim, pur increasing understand- 
ing of translation initiation and signal transduction pathways 
promise to lead to the identrficajion of new therapeutic targets 
in the near future. 
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Overexpression of chemokines, fibrogenic cytokines, and myofibroblasts in 
human membranous nephropathy, 

Mczzano SA, Droguett MA. Burgos ME , Ardiles LG . Aros CA . Caorsi L Egido J . 

Division of Nephrology, School of Medicine, Uni versidad Austral, Valdivia, Chile. 
smezzano@uach.cl 

Overexpression of chemokines, fibrogenic cytokines, and myofibroblasts in human 
membranous nephropathy BACKGROUND: Proteinuria plays a central role in the 
progression of glomerular disease, and there is growing evidence suggesting that it may 
determine tubular cell activation with release of chemokines and fibrogenic factors, 
leading to interstitial inflammatory reaction. However, most studies on this subject have 
been performed in experimental models, and the experience in human kidney biopsies 
has been scarce. We analyzed the tissue sections of patients with idiopathic membranous 
nephropathy (IMN), a noninflammatory glomerular disease that may follow a progressive 
disease with heavy persistent proteinuria, interstitial cell infiltration, and decline of renal 
function. METHODS: Paraffin-embedded biopsy specimens from 25 patients with IMN 
(13 progressive and 12 nonprogressive) were retrospectively studied by 
immunohistochemistry [monocyte chemoattractant protein-1 (MCP-1), regulated on 
activation normal T-cell expressed and secreted cHemokine (RANTES), osteopontin 
(OPN), platelet-derived growth factor-BB (PD-GF-BB)] and in situ hybridization [MCP- 
l, RANTES, PDGF-BB, transforming growth factor-betal (TGF-betal)], Moreover, we * 
studied the presence of myofibroblasts, which were identified by the expression of alpha- 
smooth muscle actin (aipha-SMA), the monocytes/macrophages (CD68-positive cells), 
. and T-cell infiltration (CD4+ and CD8+ cells). All of the patients were nephrotic and 
without treatment, at time of the biopsy. RESULTS: A strong up-regulation of MCP-1 , 
RANTES, and OPN expression was observed, mainly in tubular epithelial cells, with a 
significant major intensity in the progressive IMN patients, A strong correlation between 
the mRNA expression and the corresponding protein was noted/The presence of these 
chemokines and OPN was associated with interstitial cell infiltration, TGF-beta and 
PDGF were also up-regulated, mainly in tubular epithelial cells, with a stronger 
expression in the progressive IMN, and an association with the presence of 
myofibroblasts was found. CONCLUSIONS: Patients with severe proteinuria and 
progressive IMN have an overexpression in tubular epithelial cells of the chemokines 
MCP-1, RANTES, and OPN and the profibrogenic cytokines PDGF-BB and TGF-beta. 
Because this up-regulation was associated with an interstitial accumulation of 
mononuclear cells and an increase in myo fibroblastic activity, it is suggested that those 
mediators are potential predictors of progression in IMN Finally, based on experimental 
data and the findings of this article, we speculate that severe proteinuria is the main factor 
responsible for the up-regulation of these factors in tubular epithelial cells. 
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Decreased uncoupling protein expression and intrarayocytic triglyceride 
depletion in formerly obese subjects. 

v 

Gr^AV, Ma^M, VegaN, Hesselinlc IVIK, Casta.neto IVf, 

Istituto d, Clinica Medica and. Clinica Chirurgica and Centro CNR Fisiopatologia Shock 
Universita Cattohca S Cuore, Rome, Italy, gmingrone@nn.unicatt.it 

r°r?S CTIVE: T ° 6Xamine the muscu,ar uncoupling protein expression 2 (UCP2) and 

gene expression in morbid obese subjects before and after bariatric surgery Ibiiio- 
pancieatic diversion (BPD)]. RESEARCFf METHODS AND PROCEDURE?- meven 

BPD. Skeletal muscle UCP2 and UCP3 mRNA was measured using reverse 
fransenptase-competitive polymerase chain reaction and UCP3 protein by Western 
blotting Intrarnyocytic triglycerides were quantified by high-performance liquid 
chromatography. Twenty-four-hour energy expenditure and respiratory quotient (R0) 
were measured m a respiratory chamber. RESULTS: After BPb, the average weight oss 

ToTTES N ° npr0tein RQ WaS increased * «* P-^ese sub ec*^ 
1 0 ?2 T^flt'^' P f 0 00 U - ^ triglyceride level dropped 3 66 

UC?2 I nd UCP3 mR NA mg/l °° °5 ° f ^ P * °-° 00l > after BPD - E ^n of 
and UCP3 mRNA was sigruficandy reduced (from 35.9 +/- 6.1% to 18 6 +/- 4 5% 

ofcyclophdin, p = 0.02; from 60.2 + /- 14.0X.to 33.4 H- 8.5%, p = 0.03; res^uve^ 
™? P«>teui content was also significantly reduced (272.19 +/- 84.13 vs 175 78 +/- 
levek f„ - nn™ 1 A re 8 ression a*^* TO = 0.90) showed that IMTG 

urtl ? ^ r ™c£f entCd ^ m ° St p0Werfiu inde P^dent variable for predicting 
m MTmetT- °^ ?* *«* 6t UCP -P^on'and debase 

L^tiofnfTp 1 tng,yCerid6 ^ Pkys 311 6Ven more "*> *» 

IS2KJKr~ ^ «* ~S !** * fatty acids or the 
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Differential expression of the short and long forms of the gamma 2 subunit 
of the GABAA/benzodiazepine receptors. 

Miralles CP, Gutierrez A . Khan ZU. Vitorica JT , De Bias AL. 

Division of Molecular Biology and Biochemistry, School of Biological Sciences 
University of Missouri-Kansas City 641 10-2499. ' 

The distribution of the mRNAs encoding the gamma 2S and gamma 2L subunits of the 
GABAA receptor in the rat brain has been revealed by in situ hybridization, northern blot 
and dot blot analysis using specific antisense oligonucleotides. In addition the 
quantitative distribution of the gamma 2S and gamma 2L subunit peptides participating in 
the fully assembled GABAA receptors/benzodiazepine receptors has been mapped by 
immunoprecipitation with specific anti-gamma 2S and anti-gamma 2L antibodies. 
Several neuronal types and brain regions are enriched in gamma 2L such as neurons of 
the layer II of striate cortex and cerebellar Purkinje cells as well as the inferior colliculus 
superior colhculus, deep cerebellar nuclei, medulla and pons. Other neuronal types and 
regions are enriched in gamma 2S such as the mitral cells of the olfactory bulb, pyramidal 
neurons of the pyriform cortex, layer VI of the neocortex, granule cells of the dentate 
gyrus and pyramidal cells of the hippocampus. Other cortical areas and cerebellar granule 
cells express both gamma 2S and gamma 2L in comparable amounts: There is a good 
correlation between the relative expression of gamma 2S and gamma 2L mRNAs and the 
relative presence of these protein subunits in fully assembled and mature receptors in the 
studied brain regions. The differential distribution of gamma 2S and gamma 2L might 
result mdifferentiaj ethanol sensitivity of the neurons expressing these GABAA receptor 
subunits. 

PMID: 7968350 [PubMed - t indexed.for MEDLINE] 
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Follicle-Stimulating Hormone Receptor and Its Messenger Ribonucleic Acid Are 
Present in the Bovine Cervix and Can Regulate Cervical Prostanoid Synthesis 1 



D. Mizrachi and M. Shemesh 2 

Department of Hormone Research, Kimron Veterinary Institute, Bet Dagan, Israel 50250 



ABSTRACT 

The hypothesis that FSH regulates the bovine cervical pros- 
taglandin E 2 (PGE 2 ) synthesis that is known to be associated with 
cervical relaxation and opening at the time of estrus was inves- 
tigated. Cervical tissue from pre-estrous/estrous, luteal, and 
postovulatory cows were examined for 1) the presence of bovine 
(b) FSH receptor (R) and its corresponding mRNA and 2) the 
effect of FSH on the PGE 2 regulatory pathway in vitro. The pres- 
ence of bFSHR mRNA in the cervix (maximal during pre-estrus/ 
estrus) was demonstrated by the expression of a reverse tran- 
scription (RT) polymerase chain reaction (PCR) product (384 
base pairs) specific for bFSHR mRNA and sequencing. Northern 
blotting revealed three transcripts (2.5, 3.3, and 3.8 kilobases 
[kb]) in cervix from pre-estrous/estrous cows. The level of FSHR 
(75 kDa) was significantly higher (p < 0.01) in Western blots of 
pre-estrous/estrous cervix than in other cervical tissues. There 
was a good correlation between the 75-kDa protein expression 
and its corresponding transcript of 2.55 kb throughout the es- 
trous cycle as described by Northern blot analysis as well as RT- 
PCR. Incubation of FSH (10 ng/ml) with pre-estrous/estrous cer- 
vix resulted in a 3-fold increase in the expression of FSHR and 
a 2-fold increase in both C protein (aj and cyclooxygenase II. 
FSH (5-20 ng/ml) significantly increased (p < 0.01) cAMP, ino- 
sitol phosphate {p < 0.01), and PGE 2 (p < 0.01) production by 
pre-estrous/estrous cervix but not by cervix at the other stages. 
We conclude that bovine cervix at the time of the peripheral 
plasma FSH peak (pre-estrus/estrus) contains high levels of 
FSHR and responds to FSH by increasing the PGE 2 production 
responsible for cervical relaxation at estrus. 

INTRODUCTION 

FSH and LH are the two known pituitary hormones that 
regulate gonadal functions. FSH is essential for female fer- 
tility, specifically for folliculogenesis, and human ovarian 
failure has been related to mutations both in the FSH re- 
ceptor (FSHR) and in the FSH0 gene [1]. However, unlike 
LH, for which extra-gonadal binding has been documented 
for the uterus in the cow [2], pig [3], and human [4], no 
extra-gonadal effects of FSH have been reported. The uter- 
ine LH receptors have been shown to be physiologically 
active in the cow [2, 5]. The concentration of uterine LH 
receptors is related to the phase of the cycle, and binding 
of LH to uterine receptors increases uterine prostaglandin 
synthesis [2, 5]. Preliminary observations in our laboratory 
indicated that both FSH and LH receptors are also present 
in the cervix. We therefore investigated whether FSHRs are 
associated with the regulation of cervical prostaglandin, 
particularly around the time of estrus, when both cervical 
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PGE 2 production [6] and peripheral FSH concentrations are 
maximal. 

The present investigation was therefore conducted to de- 
termine the presence of FSHR and its mRNA, and its phys- 
iological activity, in the bovine reproductive tract. Since the 
cervix is a prostaglandin Ei (PGEj)- and PGE 2 -sensitive 
tissue and responds to hormonal stimulation, we also de- 
termined whether FSH could increase cervical cyclooxy- 
genase expression and production of PGE 2 in vitro, partic- 
ularly at the time near estrus. 

MATERIALS AND METHODS 

Animals 

Cervical and ovarian tissues were collected from Hoi- 
stein cows at a local abattoir. The stage of the cycle was 
determined according to signs of ovulation and the status 
of corpora lutea (CL; weight, color). These parameters al- 
lowed the classification of the cervix into three groups: 1) 
pre-estrous/estrous (follicular, 18-20 days postovulation; 
regressed CL < 1.0 g; presence of cervical mucus; n = 
54); 2) postovulatory (1-4 days postovulation; presence of 
corpora hemorrhagica; signs of follicular rupture; n = 35), 
and 3) luteal (12-16 days postovulation; CL 4-6 g; n = 
44). Bovine granulosa cells were collected from pre-es- 
trous/estrous follicles and used as a positive control for 
FSHR expression [7]. 

The cervix external os segment was taken as the initial 
3 cm of the cervix (total length of cervix is about 9 cm). 
The cervical os segments, primarily luminally oriented 
muscularis with epithelium, were sliced into horizontal 
strips (1 cm in length), pooled, and minced finely with a 
scalpel. The Kimron Veterinary Institute Animal Care and 
Use Committee approved all procedures. 

FSHR Gene Expression 

RNA isolation. Bovine cervical or ovarian tissues were 
rapidly dissected and frozen in liquid nitrogen (within 20 
min after slaughter). Total RNA was extracted using the 
acid phenol, guanidine thiocyanate technique [8], using 
TriReagent (Molecular Research Center, Inc., Cincinnati, 
OH) according to the manufacturer's instructions. 

Reverse transcription (RT)-polymerase chain reaction 
(PCR). Bovine FSHR mRNA was detected as previously 
described for the LH receptor mRNA [5]. Oligonucleotides 
corresponding to the published sequence of the bovine 
FSHR [7] were synthesized and used as primers in a PCR 
reaction. Bovine ovarian and cervical tissue cDNA ob- 
tained by RT of 2 p-g RNA was used as a template in the 
PCR reaction using a pair of primers corresponding to the 
transmembrane segments of the FSHR. The primers, 20- 
mer each, were selected using the OL1GO Program (Oligo 
Rl primer analysis software; National Biosciences, Plym- 
outh, MN). The forward primer corresponded to position 
1399-1419 (5'CGGCTTTTTCACTGTCTTTG3') on the 
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bovine FSHR mRNA [7]. The reverse primer was a 20-mer 
oligonucleotide complementary to position 1763-1783 
(5 , CGCTTGGCTATCTTGGTGTC3 '). The predicted size 
of the RT-PCR product was 384 basepairs (bp). Four mi- 
croliters of the RT reaction were used as a template for 
PCR; the reaction was allowed to proceed 35 cycles using 
2 UTermus Aquaticus DNA polymerase (recombinant) 
provided by MBI Fermentas, Vilnius, Lithuania, and 200 
pmol of each primer. The cycling parameters of the PCR 
were 98°C for 20 sec, 56°C for 45 sec, and 72°C for 45 
sec. After amplification the samples were separated on a 
1% agarose gel, stained with ethidium bromide, and pho- 
tographed under UV light. The 384-bp fragment was ex- 
tracted using the Wizard PCR Preps Kit (Promega, Madi- 
son, WI) and sequenced with the upper primer using an 
automatic sequencer ^(Applied Biosystems, Foster City, 
CA). For internal control, a bovine (3-actin fragment of 890 
bp was produced from an upper primer (5'ACCA- 
ACTGGGACGACATGGAG3 ' ; 21 mer) and a lower prim- 
er (5 'GC ATTTGCGGTGG AC A ATGG A3 ' ; 21 mer) as pre- 
viously described [5]. Each PCR amplification was stan- 
dardized using ovarian granulosa cDNA to produce a spe- 
cific band of the predicted size. Standardization was based 
on temperature, cycle number, Mg level, and pH. 

Western Blots 

Cervical, bovine seminal vesicle, or muscle minces were 
sonicated for 45 sec, lysed in 500 pi lysing buffer (1% 
Nonidet-40 [Sigma, St. Louis, MO], 2 mM EGTA, 5 nM 
MgCl 2 , 1 mM PMSF in PBS) and incubated for 2 h at 4°C. 
After centrifugation, aliquots were taken for protein deter- 
mination using gamma globulin (Sigma) as reference stan- 
dard [9] and a protein dye binding method (Bio-Rad Lab- 
oratories, Richmond, CA). Sixty micrograms of protein of 
the soluble tissue extract was then separated by electropho- 
resis on 5-9%-gradient SDS-PAGE and electroblotted onto 
nitrocellulose paper (Amersham, Little Chalfont, Bucks, 
UK) as described previously [9]. The nitrocellulose mem- 
brane was washed with PBS containing 0.05% TWEEN-20 
and blocked with 10% horse serum (Kimron Veterinary In- 
stitute) in washing solution. The nitrocellulose membrane 
was then treated with either 1) an anti-peptide antibody 
(code name 1 79) raised against human (h) FSHR peptide 
265-295, diluted 1:500 (donation of Dr. LA. Dias, Wads- 
worth Center, New York State Department of Health); 2) 
rabbit antiserum for bovine G protein (ot s ) diluted 1:1000; 
UB1, Lake Placid, NY); or 3) rabbit anti-bovine cycloox- 
ygenase polyclonal antiserum (diluted 1 :200; Kimron Vet- 
erinary Institute) [9]. Different dilutions were used for each 
antibody, and the final dilution used was 75% of the dilu- 
tion, which gave a maximal signal as previously described 
[9]. The nitrocellulose paper was then incubated with horse- 
radish peroxidase-conjugated goat, anti-rabbit IgG (Sigma 
Israel, Rehovot, Israel; diluted 1:2000 in washing buffer) 
for 1 h at room temperature. The presence of FSHR, G 
protein (ct s ), or cyclooxygenase was then visualized by 
means of a color reaction as follows. The nitrocellulose 
paper was incubated in a substrate solution containing 3'3'- 
diaminobenzidine (0.5 mg/ml; Sigma) in a mixture of PBS 
containing 0.5% CaCl 2 and 6% H 2 0 2 . The antibody to 
hFSHR recognized the 75-kDa protein of the FSHR. The 
antibody to G (a s ) recognized both the 42-kDa and 87-kDa 
forms of this protein, and the antibody to cyclooxygenase 
recognized the 72-kDa form (cyclooxygenase 11). Extract 
of bovine seminal vesicles that are known to have a high 



content of cyclooxygenase was used as positive control as 
previously described [9]. The densitometry scans were ob- 
tained using a bio-imaging system (B.LS. 2020; Rhenium 
Dingo, Jerusalem, Israel) and processed with Tina 2.0 soft- 
ware (Fuji, Japan). Linearity of detection [9] was deter- 
mined for densitometry for both Western and Northern 
blots. Each Western blot was evaluated in the absence of 
the first antibody, and no signal was detected. 

Northern Blot Analysis 

For Northern blots, 10 u,g of total RNA was denatured 
in 20 uJ 50% formamide/2.2 M formaldehyde in single- 
strength 3-(/7-morpholino) propanesulfonic acid (MOPS) 
buffer (0.04 M MOPS, 10 mM sodium acetate, 1 mM 
EDTA) at 65°C for 10 min. Samples were placed on ice, 
and 5 |xl of loading buffer (0.5% SDS, 0.25% bromophenol 
blue, 25% glycerol, 25 mM EDTA) was added. Samples 
were subjected to electrophoresis through a 1.2% agarose 
formaldehyde gel and transferred by capillary blotting to 
nylon membranes (Nytran; Schleicher and Schuell, Keene, 
NH). RNA was subsequently UV cross-linked to mem- 
branes. The RT-PCR product fragments of 384 bp for 
FSHR and 890 bp for p-actin were used to generate bioti- 
nylated probes using random primer biotin labeling of DNA 
for chemiluminescence (NEBlot phototype kit; Biolabs, 
Beverly, MA) according to the. manufacturer's instructions. 
The blotted membrane was prehybridized at 65°C for 1 h 
in prehybridization solution (6-strength SSC [3 M NaCl, 
0.3 M sodium citrate], 5 -strength Denhardt's reagent [1%. 
ficoll, 1% polyvinylpyrrolidone, 1% BSA], 0.5%. SDS, and 
100 u,g/ml denatured salmon sperm DNAs) and hybridized 
overnight in the same solution with the denatured biotiny- 
lated probe to the target RNA. The membrane was then 
washed in double-strength SSC, 0.1% SDS at room tem- 
perature for 10 min and washed again in 0.1-strength SSC, 
0.1% SDS at 68°C for 15 min followed by subsequent 
chemiluminescence, development, and detection on x-ray 
film (RX; Fuji Film, Tokyo, Japan). To obtain quantitative 
data for the specific mRNA, we used the densimetnc value 
for p-actin mRNA to normalize each specific mRNA value. 
To remove FSHR probe, membranes were stripped using 
water for 15 min, then incubated in 0.4 M NaOH, 0.1% 
SDS at 80°C for 30 min. The membrane was rinsed again 
in 0.2 M Tris-HCl, 0.1-strength SSC for 30 min at 25°C. 
After stripping, prehybridization and hybridization with |3- 
actin probe were performed as described for FSHR mRNA. 

Cyclic AMP Determinations 

Cervical tissue minces (50 mg/ml) were incubated for 
10 min in wells of 1.5 ml containing 1.0 ml of Tissue Cul- 
ture Medium- 199 (TCM-199 without serum (Biological In- 
dustries, Beit Haemek, Israel) in the absence or presence 
of physiological (5, 10 ng/ml) and pharmacological doses 
(20, 40 ng/ml) of FSH (USDA-b'FSH-8-1; no further in- 
crease in cAMP production was seen at 50 or 100 ng/ml) 
or forskolin, a stimulator of adenylate cyclase (10 p,M; Sig- 
ma). The dose of forskolin was selected to give a 3-fold 
increase in cAMP. At the end of the incubation, tissues were 
removed, blotted on filter paper to remove mucus, and in- 
cubated overnight at 4°C with 400 p,l of 3% HC10 4 . The 
solution was then neutralized with 150 |xl of KHC0 3 and 
centrifuged, and 50-u.l aliquots were taken for the radiore- 
ceptor assay as described by Brown et al. [10] and modified 
for endometrium by Miyazaki et al. [11]. Standards (0- 
1000 pg of c AMP) or samples were incubated at room tern- 
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FIG. 1 . RT-PCR amplification of bovine cervix FSHR and (J-actin mRNA. 
RT-PCR was performed as described in Materials and Methods for FSHR 
and 3-actin. Separate RT-PCR amplification products of FSHR (estimated 
384 bp) and 0-actin (estimated 890 bp) were combined and separated on 
agarose gel electrophoresis and stained with ethidium bromide. RT-PGR 
was performed using 2 u.g RNA of bovine granulosa cells as a positive 
control (lane 1), cervical tissue at the pre-estrous/estrous (lanes 3-4), post- 
ovulatory (lanes 5-6), and luteal phases (lanes 7-8). Lanes 9-1 0 represent 
^amplification, using as template the PCR product, cDNA, from the lu- 
teal-phase amplification. Lane 2 represents negative control in the ab- 
sence of RNA. The tissue was taken from 4 cows at each stage of the 
estrous cycle, and two representative samples from each stage are shown. 
SM, size markers. . 



perature with. 100 pd of cAMP binding protein prepared 
from bovine adrenal extracts as described [10]. The buffer 
used for the assay was added to form a final reaction vol- 
ume of 400 pi After 2-h incubation in a cold room, the 
reaction was stopped by adding 300 |xl of a charcoal-dex- 
tran solution; centrifugation followed, and the supernatant 
was removed for counting in a scintillation counter. The 
sensitivity of the assay was 60 pg/tube. Quadruplicate as- 
says were made for each value determined. The within- 
assay and between-assay coefficients of variance were 8% 
and 10%, respectively. 



BTFSH GCTTTTTCAC TGTCTTTGCC AGTGAGCTCT CAGTCTACAC TCTGACCGCC 
Cervix GCTTTTTCAC TGTCTTTACT AGTGAGCTCT CAGTCTACAC TCTGACCGCC 

BTFSH ATCACGCTGG AAAGATGGCA TACCATCACC CATGCCATGC AGCTCGAATG 
Cervix ATCACGCTGG AAAGATGCCA TCCCATCACC CGTGCCATGC AGCTCGAATG 

* » * 

BTFSH CAAAGTGCAG CTCCGCCATG CTGCCAGCAT CATGCTGGTG GGCTGGATCT 
Cervix CAAAGTGCAG CTCCGCCATG CTGCCAGCAT CATGCTGGTG GGCTGGATCT 

BTFSH TTGCTTTTGC AGTTGCCCTT TTTCCCATCT TTGGCATCAG CAGCTACATG 
Cervix TTGCTTTTGC AGTTGCCCTT TTTCCCATCT TTGGCATCAG CAGCTACATG 

BTFSH AAGGTGAGCA TCTGCCTGCC CATGGACATT GACAGCCCCT TGTCACAACT 
Cervix AAGGTGAGCA TCTGCCTGCC CATGGACATT GACAGCCCCT TGTCACAACT 

BTFSH CTATGTCATG TCCCTCCTTG TGCTCAATGT CCTGGCCTTT GTGGTCATCT 
Cervix CTATGTCATG TCCCTCCTTG TGCTCAATGT CCTGGCCTTT GTGGTCATCT 

BTFSH GTGGCTGCTA CACT CACATC TACCTCACGG TGAGGAACCC CAACATCACA 
Cervix GTGGCTXCTT CACTCACATC TACCTCACGG TGAGGAACCC CAACATCACA 
* * 

1761 

BTFSH TCCTCTTCTA GTG 
Cervix TCCTCTTCTA GTG 

FIG. 2. Automated nucleotide sequencing and homology between Bos 
\ taurus mRNA FSHR (GenBank accession number L22319) from nucleo- 
; tides 1401 to 1763 and the PCR products obtained using the upper primer 
' as described in Materials and Methods. A homology of 97.5% was found 
between Bos taurus and our amplified cDNA obtained by RT-PCR from 
cervical mRNA at pre-estrus/estrus, suggesting that they are complemen- 
tary. 



Measurement of Phospholipase C (PLC) Activity 

Cervical minces (30 mg) were incubated in 1 ml TCM- 
199 containing 5 mCi [ 3 H]myo-inositol for 90 min. Slices 
were rinsed with 1 ml TCM-199 and incubated for another 
60 min to remove unincorporated [ 3 H]myo-inositoL At the 
end of the preincubations, slices were incubated in 1 ml 
TCM-199 containing 10 mM LiCl to inhibit inositol phos- 
phate (IP) hydrolysis, allowing 3 H-IP, 3 H-IP 2 , and 3 H-IP 3 to 
accumulate in the tissue after stimulation of PLC, in ab- 
sence or presence of 0-20 ng/ml of FSH or 0-20 ng/ml 
LH (USD A bLH-I-1). Incubations were terminated by add- 
ing 2 ml ice-cold chloroform/methanol/hydrochloric acid 
(5:10:0.1, v:v:v) and then 1 ml chloroform and 1 ml EDTA 
(5 mM) and extracted as described by Kisielewska et-al. 
[12]. 3 H-IP, 3 H-IP 2 , and 3 H-IP 3 were separated from the 
labeled inositol compounds by using Dowex AG 1 -X8 (for- 
mate form). 3 H-Labeled IP was eluted from the column by 
sequential elution into 10 fractions. Aliquots of each frac- 
tion were added to scintillation vials containing 5 ml scin- 
tillation fluid, and radioactivity was determined using a 
scintillation counter. Total activity of PLC is expressed as 
cpm of total IPs/30 mg/30 min. 



RIAfor PGE 7 and PCF 
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Aliquots of 100 [xl were taken at the end of the incu- 
bation period for specific RIA of PGE 2 and PGF 2a , which 
were performed without chromatographic separation. The 
antisera for PGF 2a (Sigma) reacts preferentially with PGF 2a 
but cross-reacts with PGF la (60%) and to a negligible ex- 
tent (< 0. 1%) with prostaglandins of the A, B, and E series. 
The antisera to PGE 2 (Sigma Israel) reacts preferentially 
with PGE 2 but cross-reacts with PGEf (20%), PGA b PGA 2) 
PGF W and PGF 2a (< 10%) and to a negligible extent with 
PGBfand PGB 2 (< 0.1%). The intraassay coefficients of. 
variation were 9% and 11%, and the interassay coefficients 
of variance were 12.3% and 13% for PGF 2n and PGE 2 . 

Statistical Analysis 

ANOVA was performed with a significance level ofp 
< 0.05. Data were further analyzed using Tukey's proce- 
dure (p < 0.05 or p < 0.01) to assess significance between 
treatments. Student's /-test was used where appropriate. 
Values are expressed as means ± SEM. 

RESULTS 

FSHR mRNA Expression in the Cervix 

RT-PCR demonstrated that the FSHR gene is expressed 
in bovine cervix as indicated by the presence of the 384- 
bp fragment corresponding to bFSHR mRNA. The mRNA 
was maximally expressed in the cervix during the pre-es- 
trous/estrous phase. In contrast, the expression of the gene 
was reduced in postovulation cervix and not detectable in 
luteal-phase cervix (Fig. I). However, reamplification of the 
PCR product, cDNA, from the luteal phase produced a de- 
tectable signal (Fig. 1). 

To demonstrate that the absence of FSHR mRNA in lu- 
teal-phase cervix was specific, bovine p-actin mRNA was 
used as internal control. PCR demonstrated that the specific 
890 bp of the P-aclin cDNA band was produced by the 
cervical tissues of all the stages. The band for p-actin was 
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FIG. 3. Northern blot for analysis of total RNA (10 p.g) extracted from 
bovine cervical tissues collected from pre-estrous/estrous, postovulatory, 
and luteat-phase cows, and bovine granulosa cells as a positive control. 
Relative migration of 28S and 1 8S ribosomal RNA is indicated. To localize 
mRNA for FSHR and (5-actin, our RT-PCR products (384-bp and 890-bp 
fragments, respectively) were used to generate biotinylated probes using 
biotin random primer. Figure shows results for FSHR mRNA in bovine 
granulosa cells as a positive control (lane A); and in cervical tissues at 
pre-estrus/estrus (lanes B-C), postovulation, (lanes D-E) and the luteal ' 
phase (lanes F-G). The corresponding (3-actin band was obtained by re- 
probing of the membranes previously tested for FSHR mRNA as described 
in Materials and Methods. Columns show mean ± SEM of the optical 
density of the ratio FSHR:0-actin, in which the luteal phase is given an 
arbitrary value of 1 .0. 'Significantly different from luteal-phase value (p 
< 0.01); n = 5 for each stage. 
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FIG. 4. Presence of FSHR protein in cervical tissues as determined by 
Western blot. Soluble cell extracts (60 u,g protein) were used to determine 
the amount of FSHR as described in Materials and Methods. Western blot 
proteins were transferred to nitrocellulose paper and probed with anti- 
serum to peptide hFSHR, 265-296. Western blot displays a representative 
result for bovine granulosa cells, used as positive control (lane A); bovine 
seminal vesicles (lane B) and muscle, used as a negative control (lane C); 
and cervical tissues from three stages of the estrous cycle: pre-estrous/ 
estrous (lane D), postovulatory (lane E), and luteal (lane F). Histogram 
summarizes the results for the three stages of the estrous cycle. Columns 
show mean ± SEM of the relative optical density in which the luteal phase 
is given an arbitrary value of 1 .0. ^Significantly different from luteal-phase 
value (p < 0.01); n = 7 for each stage. 



present even though the 384-bp band corresponding to the 
FSHR was absent (Fig. 1). 

The nucleotide sequence (Fig. 2) of the 384-bp fragment 
obtained from pre-estrous/estrous cervix was compared 
with that for the Bos taurus FSHR reported by Houde et 
al. [7]. It was found that there was a 97.5% homology be- 
tween the 384-bp fragment and the nucleotide range 1410- 
1763 found in the Bos taurus FSHR. 

The Northern blot contained the expected three tran- 
scripts of 2.55, 3.3, and 3.8 kilobases (kb) present in the 
bovine granulosa. However, the high (6.8-kb) and low (1.6- 
kb) transcripts found in the ovary were not found in the 
cervix. The three transcripts were found in pre-estrous/es- 
trous cervix, but only one transcript (2.55 kb) was seen in 
luteal cervix (1/8 of the pre-estrus/estrus level; n = 5) or 
postovulatory cervix (1/3 of the pre-estrus/estrus level; n = 
5) (Fig. 3). 
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FIG 5. Effect of incubation of cervical tissues with FSH on the expres- 
sion of the FSHR protein. Cervical tissue from 5 pre-estrous/estrous cows 
was incubated in the absence or presence of FSH (0 or 1 0 ng/ml). Western 
blot is representative for FSH protein concentration after 3 h of incuba- 
tion, with granulosa cell extract serving as positive control. Lane A, Gran- 
ulosa cells (GC); lane B, cervical tissue at Time 0; lane C, cervical tissue 
after 3 h of incubation in TCM-199; lane D, cervical tissue after 3 h of 
incubation with 10 ng/ml of FSH. Lane E represents muscle tissue incu- 
bated with FSH (10 ng/ml) for 3 h as a negative control. Histogram sum- 
marizes the results of six experiments. Columns are means ± SEM. 'Sig- 
nificantly different (p < 0.01) from the column representing the control 
at 3 h (a given value of 1 ). 



FSHR Protein in the Cervix 

The presence of FSHR protein in the cervix was dem- 
onstrated as determined by Western blot analysis using a 
specific antipeptide antibody for hFSHR. The antibody rec- 
ognized a 75-kDa protein in both bovine granulosa and 
cervical preparations identical with the predicted molecular 
size of FSHR. The signal for the 75-kDa protein was stron- 
gest in pre-estrous/estrous cervix when compared with 
postovulation- (3-fold) or luteal-phase (6-fold) cervix (Fig. 
4). With the use of 60 |xg protein in each lane, this protein 
was observed to be expressed throughout the estrous cycle. 

In Vitro Effect of FSH on Induction of FSHRs 

A time-course (0.75, 1.5, and 3 h) and dose-response (0, 
10, and 20 ng/ml) study was carried out to determine in 
vitro effect of FSH on its own receptor. Cervical minces 
(100 mg) from cows in the pre-estrous/estrous, postovula- 
, tory, and luteal phases were used. It was found, as deter- 
* mined by Western blot, that FSH induced its own receptor 
in cervical tissues at pre-estrus/estrus, with a 3-fold increase 
(p < 0.01) observed at 10 ng/ml after 3 h of incubation 
(Fig. 5). However, no effect of FSH was seen at earlier 
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FIG. 6. Effect of incubation of cervical tissues with FSH on the synthesis 
of G protein. Cervical tissues from 5 pre-estrous/estrous cows were in- 
cubated in the absence or presence of FSH (10 ng/ml). Both the 87-kDa 
G protein (a, 0, 7 complex) and 42-kDa protein (a,) are elevated at 3 h 
of incubation. Granulosa cell extract was used as a positive control. Lane 
A Granulosa cells (GC); lane B, cervical tissue at Time 0; lane C, cervical 
tissue after 3 h of incubation in TCM-199; lane D, cervical tissue after 3 
h of incubation with 10 ng/ml of FSH. Columns are means ± SEM of 42- 
kDa protein. ^Significantly different (p < 0.05) from the column repre- 
senting the control at 3 h (with an arbitrary value of 1.0). 



times at the 10 ng/ml level. When 20 ng/ml was used, a 
stimulatory effect (2-fold) was seen after 1.5 h. No signif- 
icant response was observed when tissues of the postovu- 
latory or luteal phase were used at any dose or time tested 
(data not shown). 

Effect of FSH Treatment on G Protein (a J 

A time-course and dose-response study was carried out 
to determine whether cervical FSHR was coupled to G pro- 
tein. Cervical minces (100 mg) from cows in the pre-es- 
trous/estrous, postovulatory, and luteal phases were incu- 
bated in the presence of FSH (0-20 ng/ml) for 0.75, 1.5, 
and 3 h. It was found in pre-estrous/estrous cervical tissue 
that, in the presence of FSH (10 ng/ml), there was a sig- 
nificantly (p < 0.05) higher level of G protein (a s ) at the 
level of both the 87-kDa (a, 0, y complex) and the 42-kDa 
(a s ) proteins after 3 h of incubation (Fig. 6). FSH, at either 
10 or 20 ng/ml, did not have a stabilizing effect on the 
level of G protein (ot s ) at shorter times of incubation (0.75 
or 1.5 h). No significant response was observed when tis- 
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FIG. 7. Effect of FSH on IP production in cervical tissue. Cervical tissues 
from six cows at each of three stages of the cycle were incubated for 30 
min in the absence or presence of FSH (10 ng/ml) or LH (ng/ml). IPs 
produced were determined in four replicates by amount of labeled com- 
pound (cpm) produced. Columns are means ± SEM (*p < 0.05; **p < 
0.01; significantly different from control value for each stage of the cycle). 



sues of the postovulatory or luteal phase were used at any 
dose or time tested (data not shown). 

IP Pathway Activation by FSH 

For IP measurement, cervical tissue minces (30 mg) 
from pre-estrous/estrous, postovulatory, and luteal-phase 
cows were incubated for 30 min in the absence or presence 
of FSH (10 ng/ml) or LH (10 ng/ml). FSH significantly {p 
< 0.01) increased the level of IP, IP 2 , and IP 3 at pre-estrus/ 
estrus. However, FSH significantly (p < 0.05) inhibited IP 
level in the postovulatory stage. In contrast, LH; but not 
FSH, stimulated IPs significantly (p < 0.01) at the luteal 
phase (Fig.. 7). 

Adenylate Cyclase Activation by FSH 

A dose-response analysis was used to determine whether, 
the cervical FSHR was coupled to adenylate cyclase. In 
these experiments, cervical tissue minces (50 mg) obtained 
from pre-estrous/estrous, postovulatory, and luteal-phase 
cows were incubated with FSH (0-40 ng/ml). FSH in- 
creased cAMP accumulation in a dose-dependent manner 
when incubated with pre-estrous/estrous cervical tissues, 
with maximal stimulation 2.5 times {p < 0:01) that of con- 
trol in the presence of 10 ng/ml (Fig. 8 A). In contrast, cer- 
vical tissue from luteal or postovulation did not respond to 
FSH even though tissues from all phases of the cycle re- 
sponded to forskolin with a significant {p < 0.01) increase 
in cAMP (Fig. 8B). 

Effect of FSH on PCE Production by Cervical Tissues 

A dose-response analysis was carried out to determine 
whether FSHR was associated with cervical prostaglandin 
production. PGE 2 and PGF 2tt production by cervical minces 
(1 00 mg/ml) in the presence of FSH (0-20 ng/ml) was de- 
termined by R1A. FSH stimulated O < 0.01) basal PGE 2 
production in a dose-dependent manner and caused a 3-fold 
increase in PGE 2 production at 10 ng/ml in pre-estrous/ 
estrous cervical tissues (n = 8, Fig. 9). FSH had no effect 
on the small amount of basal PGF 2a (< 1 ng/100 mg) pro- 
duced by cervical tissue (data not shown). FSH did not 
elevate PGE 2 in cervical tissues from the luteal phase; fur- 
thermore, a small but significant (p < 0.05) inhibition was 
observed at postovulation (Fig. 9). 
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FIG. 8. Effect of FSH on adenylate cyclase production in cervical tissue. 
A) Cervical tissues from six cows at pre-estrus/estrus were incubated (4 
replicates) for 10 min in the absence or presence of FSH (0, 5, 10, 20, or 
40 ng/ml) or forskolin (10 ^mol/L), and the amount of cAMP produced 
was measured by a protein binding assay. B) Cervical tissues from six 
cows at each of the three stages of the estrous cycle were incubated (4 
replicates) for 10 min in the absence or presence of FSH (10 ng/ml) or 
forskolin (10 u,M). The amount of cAMP produced was measured by a 
protein binding assay. Columns are means ± SEM. Columns with asterisks 
were statistically different from their own control (*p < 0.01; **p < 0.05). 



25 , 



PreEstrus Estrus 

PostOvulatory. 

Luteal 



20 



? 1 

o 
o 

a> 
c 

a 10 , 

o : 



5 H 




** 



0 



0 



5 10 
FSH(ng/ml) 



20 



FIG. 9. FSH dose response on production of PGE 3 by cervical tissues. 
Cervical tissues from 8 pre-estrous/estrous, postovulatory, or luteal-phase 
cows were incubated in the absence or presence of FSH (5, 10, or 20 ng/ 
ml) for 6 h, and the effect on the production of PGE 2 was measured by 
RtA. *p < 0.01; **p < 0.05. 
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FIG. 10. Effect of incubation of cervical tissues with FSH on the ex- 
pression of cyclooxygenase. Cervical tissues from 5 pre-estrous/estrous 
cows were incubated in the absence or presence of FSH (10 ng/ml). The 
72-kDa cyclooxygenase II protein was elevated at 3 h of incubation. Lane 
A bovine granulosa cells (CC); lane B, cervical tissue at Time 0; lane C, 
cervical tissue after 3 h of incubation in TCM-199; lane D, cervical tissue 
after 3 h of incubation with 10 ng/ml of FSH. Columns are means ± SEM 
of 72-kDa protein. 'Significantly different (p < 0.01) from the column 
representing the control at 3 h (with an arbitrary value of 1 .0). 



Cyclooxygenase Activation by FSH 

To determine whether the presence of FSHR was asso- 
ciated with the expression of cyclooxygenase, cervical 
minces were incubated for 3 h in the presence or absence 
of FSH (10 ng/ml). Tissues from pre-estrous/estrous, post- 
ovulatory, and luteal-phase cows were extracted, separated 
on SDS-PAGE, and tested for the cyclooxygenase II (72 
kDa) using a specific antibody. It was found that in cervical 
tissues from six pre-estrous/estrous cows, FSH induced a 
200% increase in the expression of cyclooxygenase after 3 
h of incubation (Fig. 10). In contrast, no effect on cyclo- 
oxygenase expression was seen in cervical tissues from lu- 
teal-phase cows, and an insignificant {p > 0.05) elevation 
at the postovulatory phase was observed (data not shown). 

DISCUSSION 

Results of this study demonstrate by both PGR amplifi- 
) cation and Northern blot analysis that FSHR mRNA is pres- 
/ ent in the bovine cervix. The bands corresponding to the 
receptor (75 kDa) and its mRNA were maximally expressed 
during the pre-estrous/estrous phase. Incubation of cervical 
tissues with FSH increased the expression of cyclooxygen- 



ase and the production of PGE 2 (and possibly PGEj) at the 
pre-estrous/estrous phase. The stimulation of cervical cy- 
clooxygenase was associated with activation of both the 
PLC and adenylate cyclase second messenger G-protein re- 
lated pathways. 

Northern blot analysis of bovine cervical tissues from 
pre-estrous/estrous cows revealed multiple transcripts for 
bovine cervical FSHR. The sizes of the major transcripts 
were 2.5 kb, 3.3 kb, and 3.8 kb, which were similar to those 
obtained in bovine granulosa cells [7], rat testis and ovary 
[13, 14], and human ovary [15] and myometrium [16]. Oth- 
er minor transcripts have been reported in all of these spe- 
cies. The RT-PCR product yielded a single band of 384 bp, 
which was the expected molecular size, so the different 
isoforms of the FSHR are probably the result of differential 
splicing of the same transcript. Isoforms of FSHR have 
been characterized in human [17] and primate [18] ovary 
and in ovine testis [19]. Since only a single 2.5-kb isomer 
was present in luteal-phase cervix (which did weakly pro- 
duce FSHR), it would appear that there are different iso- 
forms present in the bovine cervix as well. 

The nucleotide sequence homology between our RT- 
PCR 384-bp product was 97.3% identical to the comparable 
region of the bovine FSHR, showing that our amplified 
cDNA was complementary to the Bos taurus mRNA FSHR. 
The PCR product of 384-bp cDNA was found primarily in 
the pre-estrous/estrous cervix. 

Using specific antibody raised in rabbits against hFSHR 
(amino acid sequence 265-296) for Western blot analysis 
resulted in a major signal for a 75-kDa protein. A protein 
of similar molecular mass has been reported in rat and hu- 
man ovary [20]. A strong signal for this protein was seen 
in the pre-estrous/estrous cervix compared with cervix from 
the other stages of the cycle. This cervical receptor was 
regulated by FSH itself, similar to the regulation of the 
FSHR in the rat ovary [14]. 

FSH increased, c AMP production by cervical tissue from 
the pre-estrous/estrous phase but did not elevate cAMP in 
the postovulatory and luteal phases. FSH elevation of IPs 
displayed the same pattern. It would therefore appear that 
the cervical FSHR is associated with signal transduction 
pathways in a way similar to the accepted mechanism of 
LH action in the ovary and testes, i.e., activation of the 
second messenger pathways — adenylate cyclase [21] and 
phosphatidyl-inositol (PLC) [22, 23]. The inhibitory effect 
of FSH on IPs and cAMP at postovulation occur when 
FSHR is low. Since FSH activity is biphasic, i.e., is stim- 
ulated by a low dose and inhibited by a high dose, an in- 
hibitory effect at low concentrations could be the result of 
the change in the ligand-receptor ratio. 

FSH induced about a 200% increase in the expression 
of cyclooxygenase at pre-estrus/estrus but had no effect on 
the two other stages of the cycle. This was similar to the 
response of cyclooxygenase to LH that was observed for 
the bovine endometrium [2] and uterine vein [6]. However, 
in the endometrium, LH increased cyclooxygenase during 
both the luteal and postovulatory phases but not at estrus 
[2]. Furthermore, the induction of cyclooxygenase by go- 
nadotropin in the endometrium was associated with an in- 
creased level of PGF 2ft , while in the cervix PGE 2 was the 
major product. 

The bFSH was of immunological grade and devoid of 
, residual biological contamination of LH, thyroid-stimulat- 
ing hormone, growth hormone, prolactin, or ACTH. The 
effects on increasing cAMP, PGE 2 , and cyclooxygenase as 
well as induction of FSHR were therefore specific. Fur- 
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thermore, it was found that highly purified hFSH (10-20 
ng/ml) (donation of J.A. Dias) had the same effects as 
bFSH when incubated with cervical tissue under the same 
conditions (2.5-fold increase in cAMP; 3-fold increase in 
PGE 2 ; 2-fold increase in cyclooxygenase). 

The relaxation and opening of the gravid cervix is due 
to active biochemical and structural changes in the cervical 
connective tissue that are mediated in part by prostaglan- 
dins [24]. It is thought that stretching of the cervix is a 
factor in causing the release of these prostaglandins [25, 
26]. The effect of PGE in causing cervical softening in the 
ewe is also well documented [27-29]. In both nonpregnant 
and pregnant cows, PGE 2 causes an increase in cervical 
opening within 3 h of treatment [30]. PGE! administered 
intra-cervically in a jelly was shown to decrease cervical 
resistance within 24 h [31]. 

Recently, we reported [6] that oxytocin caused a signif- 
icant stimulation of PGE 2 production in vitro in cervical 
tissues from pre-estrous/estrous cows but had no effect on 
PGE 2 production in cervical tissue from other stages of the 
estrous. cycle of the cow. Similarly, in an initial report [31], 
it was shown that administration of oxytocin to pre-estrous 
cows increased the concentration of PGE 2 in the cervical 
exudate. However, peripheral oxytocin concentrations dur- 
ing estrus are lower than during the luteal phase [32, 33], 
and elevations, of both peripheral oxytocin and cervical 
oxytocin receptor concentration are necessary for oxytocin 
to cause cervical softening towards parturition [24]. Fur- 
thermore, progesterone in vitro induced a dose-dependent 
inhibition of PGE 2 release by cervical tissues from pre- 
estrous/estrous cows, and this was associated with a de- 
crease in both basal and oxytocin-stimulated PGE 2 produc- 
tion [6]. It would therefore seem that hormones other than 
oxytocin are responsible for the increase in cervical PGE 2 
in the pre-estrous/estrous cow. The present report indicates 
that FSH, which has its peak peripheral concentration at the 
time of estrus, could be the hormone that increases cervical 
PGE 2 , as the FSHR expression is maximal at this time and 
FSH in vitro increases PGE 2 production by the cervix. 

The bovine cervix at pre-estrus/estrus -has high levels of 
FSHR protein and its corresponding mRNA. Activation of 
the receptor by FSH is associated with the G-protein-cou- 
pled receptor family that mediates the cAMP and IP sig- 
nalling pathways. These signalling pathways then increase 
the expression of cyclooxygenase and production of PGE 2 . 
The expression of the FSHR was maximal at the time of 
the FSH peak in the blood and suggests a physiological 
role for FSH in the relaxation and opening of the cervix at 
estrus. 
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The alpha(v)beta6 integrin receptor for Foot-aad-inoutli disease virus is 
expressed constitutively on the epithelial cells targeted in cattle. 

Monaghan P, GoldS, Simpson J , ZhangZ, Weinreb PH . Violettc SM. Alexandersen 
S, Jackson T . 

Institute for Animal Health, Pirbright Laboratory, Ash Road, Pirbright Surrey GU24 
ONF, UK. 

Field strains of Foot-and-mouth disease virus (FMDV) use a number of alpha(v)- 
integrins as receptors to initiate infection on cultured cells, and integriris are believed to 
be the receptors used to target epithelial cells in animals. In this study, 
immunofluorescence confocal microscopy and real-time RT-PCR were used to 
investigate expression of two of the integrin receptors of FMDV, alpha(v)beta6 and 
alpha(v)beta3, within various epithelia targeted by this virus in cattle. These studies show 
that alpha(v)beta6 is expressed constitutively on the surfaces of epithelial cells at sites 
where infectious lesions occur during a natural infection, but not at sites where lesions 
are not normally formed. Expression of alpha(v)beta6 protein at these sites showed a 
good correlation with the relative abundance of beta6 mRNA. In contrast, alpha(v)beta3 
protein was only detected at low levels on the vasculature and not on the epithelial cells 
of any of the tissues investigated. Together, these data suggest that in cattle, 
alpha(v)beta6, rather than alpha(v)beta3, serves as the major receptor that determines the 
tropism of FMDV for the epithelia normally targeted by this virus. 

PMBD: 1618623 1 [PubMed - in process] 
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Urokinase-rnediated posilranscriptioual regulation of urolunase-receptor 
expressiou in uon small cell lung carcinoma. 

Montuori N, Matttello A. Mancini A, Tagltalatela P. Caputi M Rossi G, Ragno P . 

Istituto di Endocrinologia ed Oncologia Sperimentale, Consiglio Nazionale delle 
Ricerche, Naples, Italy. 

The urokinase-type plasminogen activator (uP A) and its cellular receptor (uP AR) are 
involved in the proteolytic cascade required for tumor cell dissemination and metastasis, 
and are highly expressed in many human tumors. We have recently reported that uPA, 
independently of its enzymatic activity/is able to increase the expression of its own 
receptor in uPAR-rransfected kidney cells at a posrtranscriptional level. In fact, uPA, 
upon binding uPAR, modulates the activity and/or the level of a mRNA-stabihzing factor 
that binds the coding region of uPAR-mRNA. We now investigate the relevance of uPA- 
mediated posttranscriptional regulation of uPAR expression in npn small cell lung 
carcinoma (NSCLC), in which the up-regulation of uPAR expression is a prognostic 
marker. We show that uPA is able to- increase uPAR expression, both at protein and 
mRNA levels, in primary cell cultures obtained from tumor and adjacent normal lung 
tissues of patients affected by NSCLC, thus suggesting that the enzyme can exert its 
effect in lung cells. We investigated the relationship among the levels of uPA, uPAR and 
uPAR-mRNA binding prptein(s) in NSCLC. Lung tissue analysis of 35 NSCLC patients 
shows an increase of both uPA and uPAR in tumor tissues, as compared to adjacent 
normal tissues, in 27 patients (77%); 19 of these 27 patients also show a parallel increase 
of the level and/or binding activity of a cellular protein capable of binding the coding 
region of uPAR-mRNA, Therefore, in tumor tissues, a strong correlation is observed 
among these 3 parameters, uPA, uPAR and the level and/or the activity of a uPAR- 
mRNA binding protein. We then suggest that uP A regulates uPAR expression in NSCLC 
at a posttranscriptipnal level by increasing uPAR-stabiiity through a cellular factor that 
binds the coding region of uPAR-mRNA. Copyright 2003 Wiley-Liss, Inc. 
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Vascular endothelial growth factor expression correlates with matrix 
metalloproteinases MT1-MMP, MMP-2 aud MMP-9 in human 
glioblastomas. 

Mu naut C , Noel A, Hougrand O . Foidart JM Boniver j. Dcprez M . 

Laboratory of Tumour and Development Biology, University of Liege, Liege, Belgium. 

Vascular endothelial growth factor (VEGF) is the major endothelial mitogen in central 
nervous system neoplasms and it is expressed in 64-95% of glioblastomas (GBMs). 
Tumour cells are the main source of VEGF in GBMs whereas VEGF receptors (VEGFR- 
I, its soluble form sVEGFR-l, VEGFR-2 and ncuropilin-I) are expressed predominantly 
by endothelial cells. Infiltrating tumour cells and newly-formed capillaries progress 
through the extracellular matrix by local proteolysis involving matrix metalloproteinases 
(MMPs). Recent studies have shown that VEGF expression and bioavailability can be 
modulated by MMPs. We reported previously that the expression of MT1-MMP in 
human breast cancer cells was associated with an enhanced VEGF expression. We used 
quantitative RT-PCR, Western blot, gelatin zymography and immunohistochemistry to 
study the expression of VEGF, VEGFR-1, VEGFR-2, sVEGFR-l, neuropilin-1 MT1- 
MMP, MMP-2, MMTP-9 and TIMP-2.in 20 human GBMs and 5 normal brains. The 
expression of these MMPs was markedly increased in most GBMs with excellent 
correlation between mRNA and protein levels; activated forms of MMP-2 and MMP-9 
were present in 8/18 and 7/18 of GBMs. A majority of GBMs (17/20) also expressed high 
levels of VEGF, as previously reported, with strong correlation between VEGF and MT1 - 
MMP gene expression levels, and double immunostaining showed that VEGF and MT1- 
MMP peptides co-localize in tumour and endothelial cells. Our results suggest that the 
interplay between metalloproteinases and VEGF previously described in experimental 
rumours may also be operative in human GBMs. Because of its dual ability to activate 
MMP-2 and. to up-regulate VEGF, MT1 -MMP might be of central importance in the 
growth of GBMs and represent an interesting target for anti-cancer treatments. Copyright 
2003 Wi ley-Li ss, Inc. 

PMID; 12918061 [PubMed - indexed for MEDLINE] 
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MT1-MMP, MMP-2, MMP-9 and TTMP-2 in a series of 20 GBMs 
and 5 nonnal brains. Using quantitative RT-PCR,. gelatin zyjriog- 
raphy, Western blot and inimunohistochemistry, we showed a 
strong correlation between the expression of VEGF, MT1-MMP, 
MMP-2 and MMP-9 in GBMs. These results are in accordance 
with previous in vitro studies and add to the evidence of. an 
interplay between VEGF and MMPs in the progression of human 
GBMs. 



MATERIAL AND METHODS 

Patients 

We studied 20 GBMs diagnosed at the Laboratory of Neuropa- 
thology-CHU Liege between 1997 and 2001. The series included 
17 primary GBMs (ic, no previous history, of lower grade diffuse 
astrocytoma) and 3 secondary GBMs (i.e., previous history of 
lower grade diffuse astrocytoma). Clinical information on these 20 
cases have been reported previously as part of a larger series. 3 ' The 
gendei ratio was 1/1, and the age at time of diagnosis ranged from 
41-79 years (mean 56 years)- Normal brain cortex and white 
matter were obtained from 5 patients with intractable epilepsy 
treated by partial temporal lobectomy. Histological examination of 
these specimens showed severe hippocampaJ sclerosis; frozen tis- 
sue was sampled from microscopically normal inferior temporal 
gyri. Our study was approved by the Ethical Committee of the 
Faculty of Medicine of the University of Liege. 



RNA extraction and cONA synthesis 

Total RNA was extracted from cryosections with RNeasy Mini 
Kit (Q1AGEN GmbH, Hilden, Germany) according to the manu- 
facturer's protocol. Total RNA (1 p.g> was reverse transcribed with 
a ThermoScript reverse transcriptase (ThermoScript RT-PCR Sys- 
tem, Invitrogen, Carlsbad, CA) and random bexamers as primers. 

Primers 

m 

■ Primers pairs used in our study are described in Table L Primers 
for the VEGF gene were chosen to distinguish between VEGF, ^ 
VEGF J65> VEGF I45 and VEGF, 2 , mRNA isofonns. Intron-span- 
ning primers and probes for the TaaMan system (primers for 
VEGFR-I (Fh-lXsVEGFR-l, VEGra-2(KDR/Flk-l)andNRPl) 
were designed to meet specific criteria by using Primer Express 
software (Perkin Elmer, Foster City, CA\ All primers were syj*- 
thesized by Eurogenlec (liege, Belgium). The 5'- and 3'-end. 
nucleotides of the probe were labeled with a "reporter (FAM. = 
o^-carboxy-fluorescein) and a quencher dye fTAMRA = 6-car- 
boxy-tetramethylrhodamine). We conducted BLASTn (National 
Center for Biotechnology Information; Bethesda) searches against 
dbEST and the non redundant set of GenBank, EMBL, and DDBJ 
database sequences to confirm the total gene specificity of the 
nucleotide sequences chosen for the primers. The specificity of the 
amplified PCR products was confirmed either by restriction digest 
or by sequencing. The 1 8S ribosorrial RNA was measured using 
the Pre-Developed TaqMan Assay Reagents Endogenous control 
kit from Applied Biosystems (Foster City, CA). 





TABUS 1 


- SEQUENCE OF PRIMERS AND TaqMan . PROBES' USED FOR RT-PCR STUDIES 






Gene and access ico 
number 


Position 


Sequence 


Size ' 


Cycle* 


MMP-2 FP 
MMP-2-RP . 
NM_004530 


1740F 
1964R 


5'-AG ATCTTCTTCTTC A AGG ACCGGTT-3 ' 
5VGGCTGGTCAGTCGCJTGGGGTA-3' 


225 bp 


33 


MMP-9-FP 
MMP-9-RP 
J05070 


1592F 
1800R 


5'-CCGGAGATTGGGAACCACCTGTA-3' 
5'-GACGCGCCTGTGTACACCCACA-3' 


208 bp 


- 37 


MMP-I4-FP * 

MMP-14-RP 

NM_004995 


1288F 
1508R 


5'-GG ATA CCCA ATGCCCATTGGCCA-3' 
5'- CCATTGGGCATCC AG A A GA G AGC-3 ' 


221 bp 


32 . 


TTMP1-FP 
T1MP1-RP 
M 12670 


: 78F 
245R 


5 '- CATCCTGTTGTTGCTGTGGCTG AT-3' 
5'-GTCATCTTG ATCTC ATA A CGCTGG-3 ' 


168 bp 


" 33 


T1MP-2-FP 

T1MP-2-RP 

NM 003255 

VECF-FP 

VEGF-RP 

AH001553 


78F 
245R 

J208F 
1687R 


5 CTCGCTGGACGTTGG AGGAA AG A A-3 ' 
5'-AGCCXTATCTGGTACCrGTGGTTCA-3 f 

5'-CCTGGTGG AC ATCJTCC AGG A GTA-3 ' 
5'-CTCACCGCCTCGGCXTGTCACA-3' 


155 bp 

479 bp 
407 bp 
347 bp 
275 bp 


30 
33 


28S rRNA-RP 
28StRNA-RP 
U1336? . 


12403F 
126J4R 


5'-GTTCACCCACTAATAGGGAACGTGA-3' 
5 > -GATTCTGACTTAGAGCCGTTCAGT-3 r 


2)2 bp 


19 


VEGFR1-FP 
VEGFRI-RP 
VECFR1 Probe 
AF063657 


2438F 
2516R 
2469 


5'-TCCCTTATGATGCCAGCAAGT-3' 

5'-CCAAAAGCCCCTCTTCCAA-3' 

5'-CCGGGAGAGACTTAAACTGGGCAAATCA-3' 


79 bp 


40 


sVECFRI FP 
sVEGFRl-RP 
sVEGFRl Probe 
U01134 


2209F 
2388R 
2257 


5'-ACAATCAGAGGTGAGCACTGCAA-3' 
5'-TCCGAGCCTGAAAGTTAGCAA-3' 

5 ' -TCC A A ATTT A AAA GC A C AAGG A ATG ATTGT A CCA C- 3 ' 


180 bp 


40 


VEGFR2-FP 
VEGFR2-RP 
VEGFR2 Probe 
AF063658 


791F 
946R 
820 


5 r -CTTCGAAGCATCAGCATAAGAAACT-3 f 

5 -TGGTCATCAGCCCACTGGAT-3' 

5-AACCGAGACCTAAAAACCCAGTCTCGGAGT-3' 

* 


156 bp 


40 


NRP1-FP 
NRP1-RP 
NRPI Probe 
XM 034725 


I83>F 
1942R 
1883 


5'-CACAGTGGAACAGGTGATGACTTC-3' 
5'- AACCATATG I 1 GGA AACTCTGATTGT-3'. 
5' CCACAGAAAAGCCCACGGTCATAGACA-3' 


112 bp 


40 
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te/oX i^SE? mRNA quanrificabon: scat- 

spots) mRNA levels arc expressed as normalized values (as described 
sents the mean of 3 separate experiments. 

^ Point quantitative PCRfor MTJ-MMP, MMP-2 MMP-9 
TJMP-2 mRNA and, VEGF mRNA isoforms 

fiJ^j™ MMP-9, TTMP-2 and VEGF mRNA iso- 

chtpH it? i* 5 * VEGF M5 and VEGF m ) were mea- 

sured ,d 10 ng afaquote of cDNA using Taq polymerase (Takara, 
Shiga, Japan) and 5 pmoj of each primers (Table J). The thermal 
Cycling conditions included 2 min at 95°C for denaturation and 

tE^'S? °f ° n ]5 SCC 31 94 ° C 20 scc al 6600 and 20 sec at 
V>«r ( ^o° ft * VEGF isoforms) with a final incubation 2 min at 

gels (BioWhittaker, Rockland, MD) and analyzed using a Fluor-S 
MultJmager (Bio-Rad, Hercules, CA) after ethidium bromide 
staining. Specific mRNA levels were expressed as tbe ratio of 
specific trar«cnpts/28S transcripts. Experiments Were repeated at 
least 3 limes in duplicate. 

o^Z l NRP] q ^r We PCRf ° r VEGrR: ^ sVEGFR ^ VEGFR-2 

Real-time quantitative RT-PCR analyses for VEGFR 1 
sVEGFR-l ; VEGFR-2. NRP1 mRNAs and'lSS 
ned qui using tbe AB1 PRISM 7700 Sequence Detection System 

nTr^p SOflWaiC (PE App,ied Bi ^ystcms). The sequences 
ot the PCR pnmer pairs and fluorogenic probes thai were used for 
each gene are shown in Table I. A standard curve was generated by 

sn r^/n T° ° f pbcema cDNA to cove ' range of 
50,000-80 ng and was run in duplicate during, every experiment 
For each experimental sample, the amount of target gene was 
determined from this standard curve. The relative expression level 
of the larget gene was normalized against 18S rRNA to compen- 



^x^^ 2 ' 1011 m quaJit * ofmA ^ »ne amount of input 
cDNA (as described l^thc manufacturer PE Applied Biosystems 
in UserBulktin 2). PCR was carried out with the TaqMan Uni- 
versal PCR Master Mix (Applied Biosystems) using 5 uJ of diluted 

^ A .. (cqi ? VaIent 10 10 ng total RNAX 200 nM of the probe, and 
400 nM primers jri a 25 uj final reaction mixture. After a 2 min 
incubation at 50°C to allow for UNG cleavage, AmpliTaq Gold 
was activated by an incubation for 10 min at 95°C. Each of the 40 

sec of denaturation at 95°C and 
hybridization of probe and primers for 1 min at 60°C 

To confirm amplification specificity, the PCR products were 
also examined by subsequent 2% agarose gel electrophoresis. 
Experiments were repeated at least 3 times in duplicate. 

Jmmunohistochemistry for VEGF and MTJ-MMP 

Sections (4 ujn thick) were cut from formalin -fixed, paraffin 
embedded tumour tissue. They were hydrated through graded 
alcohols and inoibated in H 2 0 2 (0.3% 15 min). Sectjonfwere 
autoclavedfor 11 mm at 126*C in citrate buffer pH6 for antigen 
retrieval (DaXo, Glostrup, Denmark). For double immunoslaiiiL 
^IiwA^^f ! D ^ 1 ^ 5n primar y m t>noclonal Ab anti-MTl- 
n Ab 3 K , ; ,00 (QDCO S cne R^rch Products, San Diego, 
. CA) followed by peroxidase-conjugated EnVision (Dako) Inmm- 
noreactiYity was visualized with 3^'diaminobenzidine (DAB+ 

£££ f^rf^ Werc * en Abated with polyclonal Ab and-' 
VEGF 1:150 (Santa Cruz, Santa Cruz, CA) for 1 hf at room 
^mperature^ followed by alkaline phosphatase-conjugated En- 
V» S ion (DakoX Immunoreactiviry for VEGF was visualized with 
Fast Red chromogenic substrate (Dako). Single immunostaining 
was also carried out on serial sections using each primary antibody 
alone with the corresponding enzyme-chromogene combination. 
Negative controls were obtained by omitting the primary antibod- 
les. 

Gelatin zymography assay 

MMP-2 and MMP-9 activities were quantified by gelatin zy- 
mography on 2 normal brains and 38 GBMs. Ten cryosections (10 
pM) were homogenized in buffer (0.1 M Tris-HCl pH 8.1 04% 
Triton X-100) and centrifuged for 20 min at 5,0(%. The J>eJIets 
were discarded. 25 u.g of total protein from homogenate superna- 
unts were mixed with non reducing sample buffer (62.5 mM 
Tris-HCl, pH 6.8; 2% SDS; 10% glycerol; 0.1% bromophenol 
blue) and electrdphoresed directly on 10% SDS-poIyacrylamide 
gels (SDS-PAGE) containing 0.1% gelatin (w/v) » After electro- 
phoresis, gels were washed for 1 hr at room temperature in a 2% 
(v/v) Triton X-100 solution to remove SDS, transferred to a buffer 
(50 mM Tns-HQ, pH 7.6, containing 10 mM CaCL) and incu- 
bated for 18 hr at 37°C Gels were stained for 30 min with 0 1% 
(w/v) Coomassie brilliant blue G250in 45% (v/v) methanol/10% 
-(v/v) acetic acid and destained in 10% (v/v) acetic acid/20% (v/v) 
methanol. Gels were analyzed with Quantity One software (ver- 
sion 4.2.2, Bio-Rad Laboratories. Hercules, CA) after densitomet- 
ry scanning of the g C l s using a Fluor-S Multimager (BioRad). 

Western blot 

MT1-MMP protein levels were analyzed in 2 normal brains and 
15 GBMs. Brain extracts (25 u.g) were mixed with 1/2 sample 
buffer [0.25 M Tris (pH6.8), 10% SDS (w/v), 4% sucrose (v/v), 
5% P-mercaptoethanoJ (v/v) and 0. 125% bromophenol blue (w/v)] 
and boiled for 5 min. They were separated on 10% SDS-PAGE 
gels and transferred to a PVDF filter (NEN, Boston MA) After 
blocking wuh 5% milk (w/v), 0.1% tween 20 (w/v) in PBS for 2 
hr at room temper ature. membranes were exposed io the primary 
antibody (10 pg/ml, clone I13-5B7, Ab-4, Oncogene Research 
Froducts, San Diego, CA) at 4"C overnight followed by incubation 
with a horseradish peroxidase-conjugated rabbit anti-mouse anti- 
body (1.3 M-o/ml. Dako, Glostrup, Denmark). Signals were de- 
tected with an enhanced chemoluminescence (ECL) kit (NEN. 
Boston, M A). The relative intensities of the immunoieactive bands 
were analyzed wuh Quamiry One software (version AO 2 Bio-Rad 
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Figure 2-MMPs and TIMP-2 mRNA guantinca- 
tion. (o) Representative 2% agarose gels of RT-PCR 
products for MT1-MMP, MMP-2, TTMP-2 and 
MMP-9 in 2 norma] brains (NB) and 10 GBMs. (b) 
Scatter plots (as described in Fig. 1). Experiment was 
repeated at least 3 times in duplicate. 
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Laboratories) after densitometric scanning of the X-ray films using 
a Fluor-S MuJtimager (Bio-Rad). 

Statistics 

. VEGF, . VEGFRs, MMPs and TIMP-2 expression values in 
GBMs were correlated using Spearman's test. Correlation was 
considered significant for 2- tailed p- value < 0.03. Statistical anal- 
ysis was carried out using tbe Prism 3.0 software (GraphPad, San 
Diego, CA). 

RESULTS 

Expression of VEGF and VEGF receptors 

VEGF mRNA was present in normal brains (295-375, arbitrary 
units; mean = 322) and in all GBM samples (217-5 J 12; mean ~ 
K774) as reported previously (Fig. I)- 3 ' ?n most GBMs, VEGF 
mRNA levels were raised 2- 15- fold above normal brain values. 
Tbe most abundant isoform in all cases was VEGF )65 . followed by 
VEGF, ?)r VEGF 189 and VEGF M5 (data not shown). VEGFR-1 
expression was found at similar levels in GBMs (89-357: mean = 
182) and normal controls (154-198; mean - 18 J). There was no 
correlation between VEGFR-1 and VEGF mRNA levels (p = 
0.35) in GBMs. VEGFR-2 was expressed in all GBMs (48-582: 



mean = 210) and in 8/20 cases at least twice normal values 
(87-11); mean = 103). VEGF and VEGFR-2 expressions were 
correlated significantly (p = 0.0035) in GBMs. NRP1 expression 
varied broadly between GBMs (75-3,260; mean = 1.061) con- 
trasting with a constant baseline expression in normal controls 
(383-397; mean = 390). In rumours, NRP1 correlated with 
VEGFR-2 (p = 0.0119) but not with VEGF (p = 0:084), dot 
VEGFR-1 (p = 0.066). sVEGFR-I was expressed at low levels 
both in normal brains (84-92; mean = 87) and GBMs (25-208; 
mean = 101). sVEGFR-I, however, was found to correlate with 
VEGFR- 1 (p = 0.0289), VEGFR-2 (p = 0.0029), and NRP1 (p - 
0.0027) but not with VEGF (p = 0.053). 

Expression of MMPs and TJMP-2 

MT1-MMP, MMP-2 and MMP-9 were expressed in both nor- 
mal brains and GBMs but at much higher levels in the latter (Fig. 
2a). MT1-MMP mRNA levels were "constantly higher in GBMs 
(34-202; mean = 106) than in normal controls (3-29; mean - 
15). MMP-2 and MMP-9 mRNA levels were higher than controls 
in 18/20 and 14/20 cases respectively (Fig. 2b) and correlated with 
each other (p = 0.01 87)! MTl-MMPjnRNA levels correlated with 
MMP-2 (p = 0.0008) and MMP-9 (p = 0.005). TIMP-2 had a 
non- discriminative distribution in relation to the controls. TIMP-2 
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exacts either from norma) brain (N) or GBMs (GB) Medium cnn! 
Auoned by hu„^Hrn080 celk wis w^^if^J^S^ 
SS? by S ^^ P ' 9 ' ■ MM ^ 9 ' pro-MMP-2 and C S. 

TABLE D -ZYMOGRAMS AND WESTERN BLOT QU ANTlFlCATTON OP 
. MMPS IN NORMAL BRAIN AND GBM? . 



i n <™ ' "T^ ^ lbc antibody (done 

1 13-5B7) raised against ihe catalytic domain of MTl-MMP iwS! 
extracts from MTl-MMP transfecied A^l^^^°^ 



TABLE JII- CORRELATION BETWEEN VEGF VEGF BWTOnuc uvn^ 

AND TiMM ^PRESSED M p VAL^r^^^' 
FROM SPEARMAN'S TECT 



MT1-MMP 



MMP-2 



MMP-P„ 



TIMP-2 



VEGF 
VEGFR-l 

VEGFR-2 

NRPJ 

sVEGFR-I 



0.0250 
0.0073 
<0.000l 
0.0053 
0.0313 



0.0245 
0.0710 
0.0168 
0.1334 
0.0469 



Gelatin rymogrepfty 



0.0053 
<0.0001 
0.0004 
0.2457 
0.0194 



0.0094 
0.4542 
0.0153 
0:5480 
0.2563 



proMMP MMP9 



Nl 


0.41 


N2- 


038 


GBI 


9.00 


GB2 


4 28 


GB3. 


1.67 


GB4 


1.40 


GB5 


0.47 


GB7 


5.29 


GB8 


5.75 


GB9 


5:02 


GBI2 


5.08 


GB13 


6.86 


GB14 


5.59 


GB15 


8.00 


GB16 


5.55 


GBI7 


6.61 


GBI 8 


14.79 


GB20 


18.85 


GB21 


16.52 


GB22 


20.66 ■ 



0.00 

o.oo 

1.25 

0.00 

0.00 

0.00 

0.00 

0.00 

3.78 

0.00 

0.00 

4.58 

6.75 

0.00 

1.10 

2.04 

434 

0.00 

0.00 

0.00 



proMMP-2 


MMP-2 


1.52 


0.00 


0.83 


0.00 


2.45 


035 


2,88 


0.09 


2.86 


0.00 


4.33 


6.03 


1.15 


0.00 


1-12 


0.00 


4.63 


0.65 


4.09 


0.00 


4.79 


0.20 


4.93 . 


0.48 


5.53 


0.76 


5.13 


0.00 


5.66 


0.00 


6.00 


0.00 


8.20 


0.40 


2.12 


0.00 


2.37 


0.00 


5.11 


0.00 



Western Mot 
MT) MMP 

0.44 

0.47 

1.58 

0.47 

0 

0 

ND 
0 

0.55 

0.45 

3.18 

1.55 

0.94 

ND 

2.50 

0- 

1.97 
0 

ND 
0.86 



Extracts expressed as arbitrary units N 
blastoma; ND, not determined. 



normal brain; GB, glio- 



O^Th'! le - MT'-MMP (p = 0.0019) and MMP-2 (p = 
0.0002) boi ool with MMP-9 (p = 0.1408). 

»Jt^W l, " WO, Af?V -MMP protein and activated MMP-2 

By gelatin zymography, pro-MMP-2 and pro-MMP-9 were de- 
eded m .he 18 GBMs and 2 controls examined <F,g. 3 Ta b l e U) 
most GBMs, J tf ve,s of these inactive forms were bigVr Than "n 
oorroaj brams and were correlated win their respective mRNA 
MMP MMP-9;? = 0.01) aZZ^so, 

MMP-2 and MMP-9 were do, found in normal brain. By contrast 

MT. ST '? '"I 8 <MMP - 2) a " d 7/18 GBMs." 
GBMs and 2 normal brains (F.g. 4, Table U). They were signifi- 



cantly collated wnb zyinpgran>derived activated MMP-2 levels 
(p - 0.0226) but not with activated MMP-9 levels (p = 0 06) 
nieresungly, MTl-MMP protein and mRNA fevels were corre- 
lated signifkanUy (p = 0.089), arguing for a predominantly Uan- 
scnpMoDal regulation in GBMs: . 

Correlation between VEGF network and MMPs 

and VEGF receptors were compajed to 
mii-Nmr, MMP-2, MMP-9 and TDVfP-2 (table IU). There was 

LfiST^i S OneIa,,0n ^e** expression and MTl- 

MMP MMP-2 and MMP-9. A similar correlation was also ob- 
served between VEGFR-2 and MMPs. Interestingly, TTMP-2 ex- 

P T SS, ^2 S COnre,ated wi * VEGF and VEGFR-2 but not with 
other VEGF receptors. 

< 

lmmunohistochcmistry for VEGF and MTi-MMT 

VEGF jmmunoreactivity was shown in both tumour and endo- 
thelial cells as previously reported (Fig. 5a ft?* By single immu- 
Doslaimng. MTl-MMP was detected in glioblastoma cells as a 
diffuse cytoplasmic staining (Fig. $ C J) - MTl-MMP positivity was 
also seen in endothelial cells and perivascular cells (fig 5c). By 
doubleimmunostaining, we observed the ^localization of VEGF 
and MTl-MMP in the cytoplasm of numerous tumour cells (fig 



MSCUSSJON 

^ GBMs are highly malignant tumours with poor prognosis They 

vP^Tv^° VaSCU,ar P ro,iferati °n express high levels of 
vtof\ - VfcGF is a strong mitogen for endothelial cells thereby 
vrj?? 1 ? 8 an " lo S enesis - Previous reports3334 have sliggesIed , ha( 
VEGF also stimulates tumour cell invasion, migration and survival 
in malignant epithelial cells through an autocrine loop by which 
overexpression of MMPs induces VEGF secretion and leads to 
subsequent amphficauon of ceJJ proliferation and protection 
against apoptosis. We and others reported previously that in human 
melanoma and breast carcinoma cells, MTl-MMP upregulates 
VEGF expression whereas T1MP-2 reduces it ^9.33 Therefore the 
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Figure 5 - Imniunohistocbeiras- 
try (state bar = 50 umX (o^) VEGF 
positive tumour and endothelial cells 
(plain arrows) shew granular red 
staining of the cytoplasm. Negative 
cells (empty arrow) arc seen in their 
dose vicinity, (c) MTI-MMP posi- 
tive cells show a strong brown cyto- 
plasmic staining. They include tu- 
mours cells (plain arrow) and 
endothelial cells, (empty arrow). (d) 
MTI-MMP positive tumour cells 
(plain arrow) are mixed with nega- 
tive cells (empty arrow), {ej) Double 
staining with VEGF (red) and MTI- 
MMPI (brown). Double positive tu- 
mour cells (plain arrows) contrast 
with negative or single weakly pos- 
itive cell (empty arrow).. 



pericellular proteolysis mediated by MTI-MMP in GBMs could 
also induce an autocrine loop resulting in enhanced VEGF expres- 
sion. In rum, VEGF could act as a paracrine factor on endothelial 
celts to stimulate angiogenesis. or possibly as an autocrine factor 
promoting glioblastoma ceils survival-migration and invasion as 
demonstrated recently in the various rumour cell culture models. 

We compared the expression of VEGF and its receptors with 
MTI-MMP, MMP-2 and MMP-9 in 20 GBMS and 5 normal brains. 
The expression of these MMPs was markedly increased in most 
GBMs with excellent correlation between mRNA and protein levels. 
MTI-MMP expression has been shown previously to correlate with 
glioma aggressiveness and its transfecrion in different rumour cell 
lines triggers an angiogenic phenotype and promotes tumour 
growth. 20 - 2 * -30 - 3 *-** A majority of GBMs ( 17/20) also expressed high 
levels of VEGF, as previously reported, with a strong correlation 
between VEGF and MTI-MMP gene expression levels. Double iro- 
munostaining studies showed co-expression of VEGF and MTl- 
MMP by the same tumour cells. These data suggest that the transcrip- 




tional control of VEGF by MTI-MMP could be operative not only in 
vitro but also in vivo in human GBMs. 

MTI-MMP could also promote the growth of GBMs by its 
ability to activate MMP-2 in the presence of low concentration of 
TIMP-2* 0 Pro-MMP-2 activation occurs after the formation of a 
ternary complex that contains pro-MMP-2 linked to cell surface 
MTI-MMP via a TJMP-2 bridge. In accordance with this hypoth- 
esis, we found that MMP-2 activation occurred in 8/18 of oui 
GBMs 20 * 1 among which 7/7 tested for MTI-MMP showed high 
contents of this protease. 

Activated MMP-9 was also found in 7/18 of our GBMs. This is 
an interesting finding 3S active MMP-9 is able to mobilize VEGF 
from its ECM reservoir. 39 Therefore, MMPs could promote 
VEGF-mediaied angiogenesis in GBMs by both transcriptional 
(MTI-MMP) and post translational (MMP-9) mechanisms. 

VEGF binding to VEGFR-2 triggers the proliferation and mi- 
gration of endothelial cells whereas its binding to VEGFR-1 has 
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opposite effects on gKoblasioma cell Imes. ,2 - 42 In our study VEGF 
mRNA levels were correlated with VEGFR-2 but not, VEGFR-I, 
NKP1 and sVEGFR-1. Collectively our data suggest that GBMs 
^splay a specific and complex pattern of VEGF receptors, trans- 
ducing VEGF signaling toward cell proliferation and migration. 

In conclusion, our study adds to the evidence for an interplay 
brfWttninetaJ^ VEGF in human GBMs as previ- 

ously doonnented in experimental tumours. Because of hs dual ability 
to activate MMP-2 and to up-regubte VEGF, MT1-MMP might be of 
central importance m me growth of human glioblastomas and repre- 
sent an interesting target for anti-cancer treatments. 
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DNA hypermelhylatiou is a mechanism for loss of expression of the HLA 
class I genes in human esophageal squamous cell carcinomas. 

NieY, Xang G , Song Y, Zhao X. So C . LiaoJ, WangJLD, Yang CS , 

laboratory f?r Cancer Research, College of Pharmacy, Rutgers-The State University of 
New Jersey, 164 Frehnghuysen Road, Piscataway, NJ 08854-8020, USA. 

The three human leukocyte antigen (HLA) class I antigens, HLA-A, HLA-B and HLA-C 
play important roles m the elimination of transformed cells by cytotoxic T cells Frequent 
loss of expression of these antigens at the cell surface has been observed in many human 
ZOUSt YT° m , me< * anisms for Post-transcriptional regulation have been proposed and 
tested but the molecular mechanisms for transcriptional regulation are not clear. We show 
by immunolustochemistry that the HLA class I antigens are absent in 26 of 29 (89%) 
samp es of human esophageal squamous cell carcinomas (ESCC). Eleven of the 26 ESCC 
' S?ff l0St , mRNA session for at least one of the HLA genes, as shown by RT-PCR 
DNA from the 29 pairs of ESCC and neighboring normal epithelium were examined for' 
OpO island hypemiethylation, homozygous deletion, microsatellite instability (MSI) and 
loss of heterozygosity (LOH). DNA from normal epithelial tissues had no detectable 
mediylation of the CpG islands of any of these gene loci. Thirteen of 29 ESCC samples- 

h ^2 X ' ati0n ° f ° ne 0r more of the *"* HLA loci ™* six samples (21%) 

exhibited methylat.on of all three loci. The HLA-B gene locus was most frequently 

methylated (38%). HLA-B mRNA expression in an ESCC cell line, where HLA-B was 

hypermethylated and did not express mRNA, was activated after treatment with 5-aza-2«- 

deoxycytidine. Homozygous deletion of these three gene loci was not observed 

nS?n, y J,T 'o £S ° f L ° H and MSI Were obsen,ed for me microsatellite markers 
D6S306, D6S258, D6S273 and D6S1666, close to the HLA-A, -B and -C loci, although a 

Tr^cii L WaS observed at a neari} y lo <™ (represented bythe markers D6S1051 
and D6S1560), where the tumor suppressor gene p2l(Wafl) resides. A strong correlation 
between genetic alterations and mRNA inactivation was observed in the ESCC samples 

SJS™! u II! ^ HLA daSS 1 gCne ex P ressio « ™* frequently down-regulated in' 
ESCC at both the protein and mRNA levels and that hypemiethylation of the promoter 
regions ot me HLA-A, -B and -C genes is a major mechanism of transcriptional 
inactivation. 



PMID; 1 1577000 [PubMed - indexed for MEDLINE] 



95: Hum Pathol. 2003 Jul;34(7):639-45. Rented Articles. u*s 

Comment in: 

* Hum Pathol. 2003 Jul^ pj^^-K 



Molecular and immunouistocuernical analysis of HER2/neu oucojrene in 
synovial sarcoma. 

NuciforoPG, PeHegriniC, Fasani R, Maggioni M, CoggiG, Paj^oritiA, BosarTS. 

raolo and 1RCCS Ospedale Maggiore, Italy, 

Amplification and/or overexpression of H ER2/neu have been documented in many types 
of ep,thehal tumor and recently has been reported in sarcomas, particularly in 

'mS^TH B l aiC r ° ,e ° f ™ R2/neU aIterations - tumors Remains poorly 

understood Thus, the present study investigates the expression ofHER2/neu in 13 
patients with synovial sarcoma (SS). In this study, HER2/neu mRNA levels were 
measured in frozen tissue samples using a real-time reverse transcription-polymerase 

tTuZT n T f Qt ? * ^ prCSsi6n was ****** by irnmunohistochemistry using an 
^-"^^Poly^onal antibody. Six nonnal skeletal muscle specimens were used to 
establish basal levels of HER2/neu mRNA. HER2/neu transcriptswere deS in a 1 

S^rTh • ^° Ur °1 13 SarCOmaS (3 ' %) dem <«ed HER2/neu mRNA 

levels above the mean value, whereas 3 rumors (23%) displayed HER2/neu protein 

overexpression. Both membranous and cytoplasmic patterns of immunostaining were 

it eT^- 7m ? f° ag ^tut", ^ f ° Und b6tWeen pr ° tem ex P ression «» 
owt ri^ f HER2/n6U mRNA ,evds were significantly associated with a 

£wer risk of developing recurrences (P = 0.02). Moreover, none of the patients with 

HER2/neu overexpression developed metastasis. Our data. demonstrate that HER2/neu is 
expressed in SSs and that both membrane and cytoplasmic HER2/neu expression 
correkte wtth mRNA levels. Our results show that the presence of increased levels of 

,' S associated with a mo ™ favorable clinical course. Further studies are 
needed to assess thexole of this oncogene in SSs and to evaluate the application of 
inhibitory humanized monoclonal antibodies in the treatment regimens for this 
malignancy. 
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Molecular and Immunohistochemical 
Salcoma° f HER2/nGU 0ncoaene '" Synovial 
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tumor that accounts for up fo 10% of sarcomas with a 
pea* modence in adolescent and your.* aduhs Th i! 
tumor occurs in 2 major forms, biphLic £ 
1RU li " * "^"^ally characterized by the t«- 
18)(pl],qn) translocation, r ound in >95% of cases' 
Although traditionally considered ,o be a jl^ 

3^ fluence Prognosis, including morpho- 

hf C y , °S cneUc treatment strategies 

the pIo,dy status, and the apoptotic index ' 8 

such aT^ri^T 1 ' ° f " CW ^cement,, 
oresenT ^h ^ J^""* ° f m <>'«^ alterations 
present ,„ human malignancies, has brought to light the 
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need to .dentify not only prognosuc factors, but also 
.umorfeatures mat are predictive of response to therapy. 
One of the most extensively studied molecular 

£f m?9? "'^ " HER ' 2 / neu P^tooncogene. 
Jne Hi.R-2/neu oncogene (also known as c-erbB-2) 
loca.ed on chromosome I7q21, » a member of the 
tyrosine kinase receptor family and encodes for a 185- 
krlodalton protein that shows 50% homology with the 
epidermal growth factor receptor.*- 3 This gene is am- 
puiied.and/or overexpressed ^"20% to 30% of breast 
carcinomas • and in various other tumors, 6 and usually 
* ^ ' Umor a me»ivenes 5 and poor prog- 

nos*. ■ Several studies have supported the value of 
HtK-2/neu to predict tfie response to chemotherapy in 
breast cancer and the use of recombinant humanized 
anubocbes ,oHER-2 /ncu protein (Trastuzumnbj in the 
care of patients w,th advanced, metastatic breast tumors 
nas been approved. 9 

The role of HER-2/neu activation in soil tissue 
uroori remains pooily understood, and scarce molec- 
ula. data backmg immunohisiochemica) studies have 
been reported. HER-2/neu protein expression was ,m- 
.n»„oh^ochemic : jl y 5lllclled in 20 ,, 5arcoulas j)lc , lld _ 
u»g b SSs, and over expression was absent in all ihese 
malignant mesenchymal neoplasms ,p 

Recentl,.. HER-2/„e,i alterations have bee, de- 
scribed m osteosarcoma, with a high incidence of pro- 
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TABLE 1. Cltnicopathologic Features of 13 Patients With SS 



No. 


Age(y)/G 


Site 


Subtype 


Surgery 


Chemo/Radio 


Ree 


Mets 


HER2 


FU(mo) 


1 


68/F 


KI 


MF 


RR 


No 


Yes 


Yes 


L 


108 


2 


71/F 


KE 


- BF 


WA 


No 


No 


No 


L 


12 


3 


27/M 


KI 


. BF 


ME 


Yes 


Yes 


Yes 


L 


24 


4 


39/M 


T 


MF 


WE. 


Yes 


No 


No 


H 


48 


5 


15/M 


N 


MFJ*D 




Yes 


No 


No ' 


H 


48 


6 


41/F 


F 


MF^D 


WA 


Yes 


No 


■ No 


H 


48 


. T 


57/F 


KI 


MF 


WA - 


No 


N/A 


N/A 


L 


N/A . 


8 


48/M , 


F 


BF^PD 


ME 


Yes 


Yes 


No 


L 


36 


9 


29/F 


T 


PD 


WE 


Yes. 


Yes 


Yes 


L 


36 


10 


27/M 


KE 


BF 


WE 


. No 


No 


No 


H 


24 


il 


62/F 


A . 


MF 


WE . 


No 


Yes 


No 


L 


24 


12 


62/F 


F 


MF 
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Abbreviations: Age, age at diagnosis; G,, gender; M, male; F, female; Site, anatomic location; KI, knee, intra-articuiar;, KE, knee; 
extra-articular; T, thigh; N, ■ neck;. F, foot; A, arm; L, leg; Subtype, histological subtype; MF, roonophasic fibrous; BF, biphasic; MF-FTJ, 
monophasic fibrous wiib. poorly differentiated areas; BF-PD, biphasic with poorly differentiated areas; PD, poorly differentiated; Surgery, 
primary surgical therapy; RR, radical en bloc resection; WA. wide through-bone amputation; ME, marginal en bloc excision; WF^wide en bloc 
excision; Chemo/Radio, adjuvant postoperative chemotherapy and/or radiotherapy; Rec, recurrence; Mets, presence of metastasis; HER2, 
HER2 mRNA expression; L, low expression; H, high expression; FU, follow-up status; N/A, riot avaible. * 



tein expression, ranging from 42% to 61 %. 1) J5 Indeed, 
despite limited information on Her2/ne\i.in this type 
of malignancy, based mostly on immunohistochemical 
findings, 2 clinical trials of Trastuzumab have been 
initiated for recurrent and metastatic osteosarcoma pa- 
tients (nttp://wwwxancer.gov/clinkaJ_trials: MSKCG- 
99097/NC1-T98-0083 and COG-AOST0121). 

Therefore, we evaluated the mRNA expression and 
the gene product of HER-2/neu in 33 SS patients using 
real-time reverse transcription-polym erase chain reac- 
tion (RT-PCR) and immuriohistochemistry. To the best 
of our knowledge, this is the first report documenting 
increased levels of HER-2/neu mRNA and protein 
in SS. 



MATERIALS AND METHODS 

Potient Population 

Thirteen patients with primary SSs, obtained from the 
files of the Department of Pathology, Gaetano Pini Orthope- 
dic Institute, were included in this study. Cases were chosen 
based on the availability of frozen primary rumor. Patient age 
ranged from 15 to 71 years (mean, 44-6 years). Anatomic sites 
included the knee (5 patients, 3 intraarticular), thigh (2 
patients), foot (3 patients), arm (1 patient), neck (1 patient), 
and }o»er )eg (2 patient)- The histologics} subtypes were 3 
biphasic (BF), 6 monophasic fibrous (MF), 2 monophasic 
fibrous with poorly differentiated areas (MF-PD), 1 biphasic 
with poorly differentiated areas (BF-PD), and 1 poorly differ- 
entiated (PD). Clinical staging was 11B for oil (he patients. 
Local surgical excision was performed in 9 patients; amputa- 
tion, in 4 patients. Recurrence was observed in 5 cases with 
subsequent amputation (3 patients) and local excision {2 
patients). Metastasis occurred io lung (2 patients) and ingui- 
nal lymph nodes (1 patients). Five patients received adjuvant 
postoperative chemotherapy, and 1 patient (case 4) was 
treated wiih. chemotherapy associated with radiotherapy. Fol- 
low up ranged from 2 to 108 months (mean, 34.3 months). 
Clinicopaihologic data a»e summarized in Table 1. 



Pathologic Studies and Frozen Tissue 
Selection 

In all cases, the primary tumor was avaifeblc'for study. 
Surgically resected rumor tissues were partly snap-frozen in 
liquid nitrogen and stored at -80°C for RNA extraction, and . 
partly fixed in buffered formalin and embedded in paraffin 
blocks. Hematoxylin arid eosin-stained sections were re-eval- 
uated and graded according to FNCLCC grading system. 16 
Frozen tissue blocks were handled as follows: 4~fJ^ thick frozen 
sections were cut and stained with hematoxylin and eosin to 
determine the percentage of tumor cells present in the spec- 
imen. We used tissue blocks with tumor cells comprising 
more than 80% of the specimen. About 10 20-fi-thick sections 
were collected into Eppendorf tubes. Another 4-/i-thick fro- 
zen section was cut after the serial sections and examined by 
light microscopy to guarantee the percentage of tumor cells 
collected. Trizol (life Technologies; Gibco BRL, Gaithers- 
burg, MD) was used for RNA extraction, according to the 
manufacturer's protocol. RNA was quantified spectrophoto- 
metricaHy. . . 



cDNA Synthesis 

Total RNA (200 ng) was reverse-transcribed in a total 
volume of 50 /zL containing 1 X TaqMan buffer, 5.5 mmol 
MgCl,, 1 mmol deoxynucleotides, 23 umol random hexam- 
ers, 20 U RNase inhibitor, and 62.5 U MuLv reverse transcrip- 
tase. The samples weie incubated at 25°C for 10 minutes, 
48°C for, 30 minutes and 95°C for 5 minutes. 



PCR Amplification 

Amplification reactions were performed with the Univer- 
sal TaqMan 2 X PCR master mix in a volume of 25 /jL con- 
taining 300 nmo) of each primer, 100 nmol of probe, and 5 
uL of cDNA: Both f3-actin and HER2/neu amplification were 
done in duplicate for each sample. 

The thermal cycling conditions included 2 minutes at 
50 C C and 1 0 minutes at 1>5°C, followed by 40 cycles of 95 = C for 
15 seconds and 60°C for 1 minute. All reagents vised for 
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RT-PCR were purchased from Applied Biosystems (Foster 
City, CA). 

Primers ond Probes 

Primers and probes for £actin and HER2/neu mRNA 
were chosen using the computer program Primer Express 
(Applied Biosystems). Sequences of the forward primer for 
H£R2/neu mRNA (GenBank accession number X03363) 
were 5'-TCC TCT CTG GAC CTG GAT GAC3' and the 
reverse primer 5'-CCA AAG ACC ACC CCC AAG A3*; the 
sequence of the TaqMan probe was 5* (FAM)-ACC AGA ATG 
CCA ACC ACC GCA GA-(TAMRA)-3\ Sequences of the for- 
ward t pnmer for ^actin mRNA (GenBank accession number 
X00351) were S-TCC TTC CTC CCC ATG GAG-3' and the 
reverse pnmer 5*-ACG AGG ACC AAT GAT CTT GAT CIT- 
S'; the sequence of the TaqMan probe was 5*(FAM)-CCT GTG 
GCATCC ACG AAA CTA CCT TC-(TAMRA)3\ Probes were 
purchased from Applied Biosystems. 

Reof-Time RT-PCR 

To measure HER2/ neu expression in these tumors we 
used a real-ume quantitative RT-PCR based on TaqMan meth- 
odok^y, as previously described, 1 ' with minor modifications. 
Bnefty, this technique allows, by means of fluorescence erois- 
sion/tofind the cycling point when PCR product is detectable 
(Ct tame or threshold cycle). As previously reported, the Ct 
value correlates to the starting quantity of the target mRNA. 1 * 
To normalize the amount of total RNA present in each reac- 
tion, we amph6ed the housekeeping gene £actm, which is 
assumed to be constant in both normal samples and tumor 
tissues. 

Our results arc expressed as relative levels of HER2/neu 
mRNA, referred to a sample, called a "calibrator,' chosen to 
represent IX expression of this gene. The calibrator was a 
breast cancer cellular line (MCF^7) )! > that was analyzed on 
every assay plate wiib the unknown samples. All of the ana- 
lyzed rumors expressed n-fold HER2/neu mRNA relative to 
the calibrator. 

The amount of target, normalized to an endogenous 
reference (^actin) and relative to the calibrator, was defined, 
by the AACt method as described, by Livak K (Sequence 
Detector User BuJlrrin 2; Applied Biosystems). Specifically, 
the formula is applied as follows: 

target amount = 2"^ Cr 

where AA Ct = (|Ct (HER2/neu sample) - Ct (0-aam 
sample)! ~ fCt (HER2/neu calibraior) - Ct (^crin calibra- 
tor))). 



Immunohistochemistry 

Formalin-fixed, paraffin-embedded tissue sections were 
deparajfimzed, rehydrated, and exposed to the primary anti- 
body usmg the EnVision4 system (Dako, Carpinieria, CA) 
Primary ami-HER-2/neu amibody (rabbit polyclonal anti- 
b f 0 ^ n, °g ™ mb " A0485; Dako) u-as applied m a dilution 
ol 1:2000 for 60 mmntes ai room lemperarure. Before expo- 
sure to the primary antibody, sections were microwave-pre- 
treated m EDTA, pH 8.0. to -rctritve antigeniciry, and incu- 
bated with endogenom perox»dnse-blockmg solution for 10 
mirmtesat room temperature. Positive control, constituted bv 
? bTC L ^, , T> t n 3Tonom3 lowing moir than 80% positive staimng 
ior HtR2/neu, as well as negative control, in which the 
primary antibody was omiiied, iveie stained in parallel. ■ 
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FIGURE i; Dtfriburfon of HER2/neu mRNA levels h normol 
muscle tissues, and in low- and higlvexpression sarcomas. 
Data are expressed as mean and standard error of the mean 
for eocn group. ■ - 



All cases were examined for both cytoplasmic and mem- 
brane mimunoreacDviry. Cytoplasmic staining was evaluated 
on a semiquanutative scale, according to Kilpatrick et ai with 
minor modifications, 20 and reported as 0 (do staining or 
staining in <10% of cells); l + ,(weak staining in > 10% of 
cells), 2+ (moderate staining in >10% of cells), or 3+ 
(strong staining in >J0% of celb). The presence of a mem- 
branous pattern of staining was recorded separately and 
scored as absent..(no staining of weak staining in <]0% of 
cells) or present (complete and/or m complete staining in 
>10% of cells). Tumors with a cytoplasmic score of 3+ were 
considered to hare high HER-2/neu protein expression. 

Statistical AnoJysis 

Statistical differences were calculated by Fisher's exact 
test. The Mest method was used to evaluate the differences 
between groups. Differences were considered statistically sig- 
nificant when P was <0.05. 



RESULTS 

HER2/neu mRNA Evoluotion 

All of the tissues analyzed contained delectable 
}eve)s of WH2-nev mRNA. Svt norma) t'tssve samples 
(skeletal muscle) were used to establish basal level of 
HER2/neu mRNA. All the normal samples expressed 
very Jow levels of H£R2/neu mRNA, ranging from 0.9 
to 1.9 n (mean, 1.4 n). Among the 13 tumor samples, 
HER2/neu levels varied greatly, ranging from 2.1 to 
24 n. Selling a cuioiTJevel at 7.9 n (a value (hat repre- 
sents the mean value of expression distribution of the 
SSs), 9 cases (69%) had low HER2/neu expression and 
4 cases (31%) had high HER2/neu expression (Fig 1; 
Table 1). The difference between the 2 groups (lo^v 
and high HER2/neu tumors) was statistically sienific am 
[P = 0.000-1). 
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FIGURE 2. Immunochemical locoltzoTion ot HER2/neu in SS. (A) Positive control (breast cancer) showing typical strong 
membrane pattern ot posiiivity. (B) Case 2, a Diphasic SS, displaying very local membrane staining limited to a gland. Inset: toccd 
weak cytoplasmic posftrvity in the epithelial component ol the same case. (C) Cose 10, the epithelial component ot this Diphasic 
SS displaying strong membrane pattern of staining. (D) Cose 4. an epithelioid area in o monopnaslc fibrous SS. showing strong 
cytoplasmic positivity. y 



HE R2/neu Protein Expression 

Staining with >IER2/neu antibody revealed a vari- 
able cytoplasmic and membrane staining pattern. 
Three tumors (23%) showed strong staining involving 
both the cell membrane and the cytoplasm (cases 4, 5, 
and 10); weak to moderate, exclusively cytoplasmic 
staining was observed in 7 cases (cases 1, 3, 6, 7, 8, 9, 
and ))). No staining was detected in 2 tumors (cases 12 
and 13). Jn 1 case (case 2), a cluster ol glandular 
structures representing <5% of the tumor showed 
weak cytoplasmic and very focal membrane staining, 
the Iatler limited io a single gland. The epithelial/ 
epithelioid components exhibited stronger cytoplasmic 
staining compared with the spindle-cell component of 
the tumors. Membrnne staining was predominantly in- 
complete and limited to the epiibeliaJ/ epithelioid ar- 
eas. All 3 cases with high immunohistochemical expres- 
sion of HER2/ncu (ca^es 4, 5, and 10) were grade 1JJ 
sarcomas, including J Mf. 1 BF, and ] MF-PD SSs. 



Examples of HER2/neii , cyYbplasrnjc arid membrane 
staining are depicted in Figure 2. 

Correiotion of Molecular ond 
Immunohistochemicol Results 

A strong, statistically significant association was 
present between protein expression, for both mem- 
brane and cytoplasmic staining, and H£R2/neu mRNA 
levels {P - 0.0)), although 1 case (case 6) displayed 
discordant results. Interestingly, this neoplasm showed 
high HER2/neu mRNA levels, whereas only weak stain- 
ing, limited to the cytoplasm of a minority of rumor 
cells, was detected by immunohisiochemit a J analysis. 

HER2/neu Expression ond Clinic opolhologic 
Porometets 

Both HER2/neu protein expression and mRNA 
levels were evaluated to establish the relationships to 
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TABLE 2. Correlation Between Clinfcopathotoak: 
Features and HER2/neu Expression as Detected by 

IHC andRT-PCR 



HER2/ncu 
IHC PGR 



Variable 



Age (years) 

<40 

>40 

Sex 

FcroaJe 

Male 

Tumor size (cm) 

<5 

>5 

Histologkal grade 

n 
i)i 

Histological tj-pc 

MF 

BF 

PD 

Cbero o/Radioth erapy* 
Yes 

No - 

Recurrencef 

Yes 

No 

Metastasis^ 
Yes 

No ■ - ^ 



L 


H 


1 


L 


H 


P -value 


3 


3 
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0.02 


3 
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3 


NS 


3 
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NS 


expression; H, higji expression; NS, not 



, / ■ » , uipwic; ru r poo ny ouier- 

cnbated (including MF and BF ivith poorly differenuated areas). 

Information not available for case 7. 
1 Cases 7, 12, and 13 w Crc excluded horn the analysis. 

clinicopathologic features, including local recurrence 
and metastatic disease. Two cases (cases 1 2 and ] 3) with 
follow-up less than 12 months and 1 case (case 7) for 
which clinical information was not available were ex- 
cluded from the analysis of recurrences and metastauc 
behavior. 

No correlation was observed between HER2/neu 
mRNA expression and age, sex, tumor size, tumor 
grade, histotype, and metastasis. A correlation between 
sex of the patients and HER2/neu protein expression 
was found. In fact, none or the female patients showed 
high HER2/neu protein expression {P = 0.03). Pa- 
tients with high Her2/neu mRNA levels had a lower 
risk of recurrence - than those with few Her 2/neu 
mRNA levels (P = 0.02). None of the cases with high 
HER2/neu mRNA levels developed metastatic foci, al- 
though the small number of observations precluded 
reaching statistical significance (P = 0.J). Results are 
detailed in Table 2. 

DISCUSSION 

The present \vork provides the hrst combined mo- 
lecular by real-time RT PCR and rmmunohistochemicai 
evidence that UER2/neu over expression occurs in SSs 



Our results indicate that this parameter may provide 
prognostic information and suggest that a specific ther- 
apy with humanized monoclonal antibodies against 
HER2/neu may be considered in a significant number 
of SSs. • 4 

The HER2/neu oncogene has been extensively 
investigated as.a prognostic factor and more recently as 
a predictor of response to therapy. It has been demon 
strated in breast cancer, where HER2/neu overexpres- 
sion is usually associated with gene amplification/* an d 
in other epithelial tumors, mcluding ovarian, gastric, 
lung, and urinary bladder carcinomas. 

HER-2/ n eu amplification/overexpression appears 
to be an early event in oncogenic transformation by 
interacting with other members of the HER family^ Iri 
breast cancer, it is involved in cell cycle and apoptotic 
pathways through the antiapoptotic effects mediated by . 
p53 and p21 deregulation. ^ 

Whether HER2/neu overexpression plays an im- 
portant role in mesenchymal neoplasms remains con- 
troversial. An immunohistochemical study of sarcomas, 
using a monoclonal antibody, reported no evidence of. 
immunoreacdvity for HER-2/neu in 6 SSs as well as in 
other 197 mesenchymal tumors, with cytoplasmic reac- 
tivity observed only in 1 case of peripheral neuroepi- 
thelioma. A recent investigation reported gene ex- 
pression profiles of 41 soft tissue tumors with cDNA 
microarray analysis. Among these sarcomas, 6 
monophasic SSs were characterized by a unique expres- 
sion pattern of a cluster of 104 genes, including the 
epidermal growth factor receptor, which shows 50% 
homology with the HER2/ neu gene; 24 These data also 
suggest that the erbyB receptor family plays a significant 
role in SS. It has been demonstrated that a variable 
number of osteosarcomas oyerexpress HER2/neu. ,M5 
However, more recent studies 20 * 25 - 26 were unable to 
detect any HER2/ neu gene amplification and/or over- 
expression using fluorescence in situ hybridization 
(FISH), RT-PCR, and irnmunohistochemistry. 

Differences in the techniques used may play, an 
important role and explain (at least in part) these 
discrepancies. HER2/neu alterations can be evaluated 
using different techniques irrtluding immunohisto- 
chemistry, FISH, Southern hybridization, Northern 
blot, and competitive, differential, or real-time PCR. 27 
Immunohisto chemistry is the most common method 
for detection of HER2/neu overexpression, but it is 
•significandy affected by the sensitivity and specificity of 
the antibodies used, the type, of tissue (frozen yerms 
forma Jin-fixed), and the various interpretative criteria 
and scoring systems used to evaluate cases. Indeed, 
most studies of HER2/neu expression in osteosarcoma 
used irnmnnohistochemicaJ techniques, with different 
monoclonal or polyclonal antibodies. The discrepancy 
in results may stem from the use of different antibodies, 
as well as a Jack of standardized evaluation. 

For these reasons, to evaluate HER2/neu immu- 
noreactiviry in our study,, we used a polyclonal antibody 
(Dako, Carpinteria, CA), arguably the most diffuse and 
thorougldy tested antibody for H£R2/neu assessment. 
Furthermore, we investigated HER 2/ neu jnRNA ex- 
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pression with real-time RT-PCR, because it has been 
demonstrated that mRNA levels correlates tightly with 
protein expression. 28 At present, real-time RT-PCR 
probably represents the most powerful tool for quanti- 
tative analysis, because it allows better internal control 
and reduction of sample contamination, and provides 
more objective results. 18 

We analyzed HER2/neu gene expression at the 
mRNA and protein level in 13 cases of SS. HER2/neu 
expression was found in all of the cases investigated, 
and mRNA content in the tumors varied from 2 A to 
24 n. 

The variability of mRNA levels in SSs is reflected 
on heterogeneity of protein expression pattern as de- 
tected by immunorustochernistry. We found that 
HER2/neu immunoreactivity correlates strongly with 
mRNA levels. A convincing cytoplasmic immunoreac- 
tivity was documented with the polyclonal antibody in 
10 of 13 sarcomas. Distinct membranous staining was • 
observed in 3 cases, although it was never comparable 
to the positive breast control. It was predominantly 
incomplete and identified in the epithelial/ epithelioid 
component of SS. Interestingly, all of the cases with 
strong cytoplasmic staining also exhibited a membrane- 
staining pattern. 

In breast cancers, a membranous pattern of stain- 
ing is thought to be specific for HER2/neu protein 
expression and correlated with gene amplification, 
whereas cytoplasmic staining is usually considered non- 
specific. 29 However, cytoplasmic positivity for HER2/ 
neu has been reported to be pro gnostic ally significant 
in other tumor types; including bladder, colon, pan- 
creas, thyroid, and nasopharyngeal carcinomas, and 
even in breast cancer. 3 

Patients with high HER2/neu mRNA expression 
had a significantly lower risk of recurrence. Similarly, 
all of the cases with high HER2/neu expression did not 
metastasize, although this correlation did not reach 
statistical significance due to the small number of cases 
studied. These data suggest that HER2/neu plays a role 
in the biology of SS and that HER2/neu overexprcssion 
may be linked to a less-aggressive clinical behavior. 
Indeed, unlike many cancers where 1 JER2/neu overex- 
pression has been shown to correlate with poor prog- 
nosis, HER2/neu levels are linked to a more favorable 
clinical course in other malignant tumors, such as thy- 
roid carcinoma and osteosarcoma. 15 34 

The molecular mechanisms responsible for the 
action of HER-2/neu in SSs are unknown. A possible 
interaction between HER-2/ neu and the other mem- 
bers of HER family could be important in tumorigen- 
esis. Derangements of other oncogenes, tumor suppres- 
sors, and apoptosis regulators have been described in 
SSs. For instance, many SSs have been shown to be 
diffusely positive lor be 1-2 family proteins (be 1-2, bax, 
bcl-x, and bak). These members of the bcJ-2 family ate 
involved in the regulation of apoptosis in SS. 3G This 
raises the hypothesis that complex alterations in apop- 
tosis-controlling mechanisms are present in these neo- 
plasms, with HER-2/ neu interacting with Be 1-2 family 



members. Further studies, are needed to clarify the 
mechanisms of apoptosis in SS. 

Depending on the size and location, the therapy of 
choice for SS is radical local excision or amputation.. 
Whenever radical surgery cannot be performed, radio- 
therapy in concert with local excision is suggested in an. 
attempt to avoid the need for amputation. Only re- 
cently has a study evaluated the possible role of chemo- 
therapy in the treatment of SS. 

The role of molecular markers in predicting treat- 
ment responsiveness is currently the focus of extensive 
investigation. Breast cancer patients with high HER2/ 
neu expression appeared to benefit from high-dose 
CAF (cyclophophamide, adriamycin, and 5-fluoroura- 
cil) therapy. 38 In our study; '3 of 4 patients with high 
HER2/neu expression received adjuvant chemother- 
apy with ifosfamide; these patients had a favorable clin- 
ical outcome. These data raise the possibility that 
HER2/heu may have value in predicting.which patients 
are likely to respond to specific adjuvant chemotherapy 
regimens. Whether the favorable significance of 
HER2/neu expression depends on predicting clinical 
recurrence, response to chemotherapy, or both re- 
mains to be fully elucidated in SS patients. 

To the best of our knowledge, this is the, first 
report that shows expression of HER2/neu in primary 
SS by real-time RT-PCR. Elevated levels of HER2/neu 
mRNA and protein are found in a significant group of 
SS patients, and these levels appear to correlate with 
features of good prognosis. Furthermore, our results 
suggest that this mechanism of disease in SS may be the 
target of specific inhibitory therapies based on human- 
ized monoclonal antibodies. Considering the small 
number of patients examined, further investigation is 
needed to confirm these preliminary findings. 
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Genome-wide Study of Gene Copy Numbers, 
Transcripts, and Protein Levels in Pairs of 
Non-invasive and Invasive Human Transitional 
Cell Carcinomas* 



Torben F. 0rntoft|:§, Thomas ThykjaerU, Frederic M. Waldman||, Hans Wolf 
and Julio E. Celistt 



Gain and loss of chromosomal material is characteristic 
ol bladder cancer, as well as malignant transformation in 
general. The consequences of these changes at both the 
transcription and translation levels is at present unknown 
partly because of technical limitations. Here we have at- 
tempted to address this question in pairs of non-invasive 
and invasive human bladder tumors using a combination 
of technology that included comparative genomic hybrid- 
ization, high density oligonucleotide array-based monitor- 
ing of transcript levels (6600 genes), and high resolution 
two-dimensional gel electrophoresis. The results showed 
that there is a gene dosage effect that in some cases 
superimposes oh other regulatory mechanisms. This ef-. 
feet depended (p < 0.015) on the magnitude of the com- 
parative genomic hybridization change. In general (18 of 
23 cases), chromosomal areas with more than 2- fold gain 
of DNA showed a corresponding increase in mRNA tran- 
scripts. Areas with loss of DNA, on the other hand, 
showed either reduced or unaltered transcript levels. Be-, 
cause most proteins resolved by two-dimensional gels 
are unknown it was only possible to compare mRNA and 
protein alterations in relatively few cases of well focused 
abundant proteins. With few exceptions we found a good 
correlation (p < 0.005) between transcript alterations and 
protein levels. The implications, as well as limitations, 
of the approach are discussed. Molecular & Cellular 
Proteomics 1:37-45, 2002. 



Aneuploidy is a common feature of most human cancers 
(1), but little is known about the genome-wide effect of this 
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phenomenon at both the transcription and translation levels. 
High throughput array studies of the breast cancer cell line 
BT474 has suggested that there is a correlation between 
DNA copy numbers and gene expression in highly amplified 
areas (2), and studies of individual genes in solid tumors 
have revealed a good correlation between gene dose and 
mRNA or protein levels in the case of c-erb-B2, cyclin d1, 
emsl, and N-myc (3^5). However, a high cyclin D1 protein 
expression has been observed without simultaneous am- 
plification (4), and a low level of c-myc copy number in- 
crease was observed without concomitant c-myc protein 
overexpression (6). 

In human bladder tumors, karyotyping, fluorescent in situ 
hybridization, and comparative genomic hybridization (CGH) 1 
have revealed chromosomal aberrations that seem to be 
characteristic of certain stages of disease progression. In the 
case of non-invasive pTa transitional cell carcinomas (TCCs), 
this includes loss of chromosome 9 or parts of it, as well as 
loss of Y in males. In minimally invasive pT1 TCCs; the fol- 
lowing alterations have been reported: 2q-, 11 p-, 1q+, 
11q13+, 17q+, and 20q+ (7-12). It has been suggested that 
these regions harbor tumor suppressor genes and onco- 
genes; however, the large chromosomal areas involved often 
contain many genes, making meaningful predictions of the 
functional consequences of losses and gains very difficult. 

In this investigation we have combined genome-wide tech- 
nology for detecting genomic gains and losses (CGH) with 
gene expression profiling techniques (microanrays and pro- 
teomics) to determine the effect of gene copy number on 
transcript and protein levels in pairs of non- invasive and in- 
vasive human bladder tCCs. 

EXPERIMENTAL PROCEDURES 

Material— Bladder lumor biopsies were sampled after informed 
consenl was obtained and after removal of tissue for routine pathol- 
ogy examination. By tight microscopy tumors 335 and 532 were 
staged by an experienced pathologist as pTa (superficial papillary), 

1 The abbreviations used are: CGH, comparative genomic hybrid- 
ization; TCC, transitional cell carcinoma; LOH, loss ol heterozygosity; 
PA-FABP, psoriasis- associated fatty acid-binding protein; 2D, 
two-dimensionaL 
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. Fia 1. DNA copy number and mRNA expression level. Shown from left lo right are chromosome (Chr), CGH profiles, gene location and 
expression level of specific genes, and overall expression level along the chromosome. A, expression of mRNA in invasive tumor 733 as 
compared with the non-invasive counterpart tumor 335. B< expression of mRNA in invasive tumor 827 . compared with the non-invasive 
counterpart tumor 532. The average fluorescent signal ratio between tumor DNA and normal DNA is shown along the length of the chromosome 
(toft). The bold curve in the ratio profile represents a mean of four chromosomes and is surrounded by thin curves indicating one standard 
deviation. The central vertical line {broken) indicates a ratio value of 1 {no change), and the vertical tines next to il (dotted) indicate a ratio of 
0.5 (/eft) and 2.0 (fight). In chromosomes where the non-invasive tumor 335 used for comparison showed alterations in DNA content, Jhe ratio 
prpfile of that chromosome is shown to the right of the invasive tumor profile. The colored bars represents one gene each, identified by the 
running numbers above the bars (the name of the gene can be seen at www.MDLDK/sdata.htmi). The bars indicate the purported location of 
the gene, and the colors indicate the expression level of the gene in the invasive tumor compared with the non-invasive counterpart; > 2-fold 
increase (black), >2-fold decrease (blue), no significant change (orange). The bar to the far right, entitled Expression shows the resulting change . 
in expression along the chromosome; the colors indicate that at least half of the genes were up-regulated (black), at least naff of the genes 
down-regulated (blue), or more than hall of the genes are unchanged (orange). If a gene was absent in one of the samples and present in 
another, il was regarded as more than a 2-fold change. A 2-fold level was chosen as this corresponded to one standard deviation in a double 
determination of -1800 genes. Centromeres and heterochromatic regions were excluded from data analysis. 



grade I and II, respectively, tumors 733 and 827 were staged as pT1 
(invasive into submucosa). 733 was staged as solid, and 827 was 
staged as papillary, both grade III. 

mRNA Preparation— Tissue biopsies, obtained fresh Irom surgery, 
were embedded immediately in a sodium- guanidinium thiocyanate 
solution and stored at - 80 °C. Total RNA was isolated using the 
.RNAzol B RNA isolation method (WAK-Chemie Medical GMBH). 
pory(A)* RNA was isolated by an oligo(dT) selection step (Oltgotex 
mRNA kit; Oiagen). 

cRNA Preparation—! of mRNA was used as starting material. 
The .first and second strand cDNA synthesis was performed using the 
Superscript® choice system (Invitrogen) according to the manufac- 
turer's instructions but using an oTigo(dT) primer containing a T7 RNA 
polymerase binding site. Labeled cRNA was prepared using the ME- 
GAscrip® in vitro transcription kit (Ambion). Biot in- labeled CTP and 



UTP (Enzo) was used, together with unlabeled NTPs in the reaction. 
Following the in vitro transcription reaction, the unincorporated nu- 
cleotides were removed using RNeasy columns (Oiagen). 

Array Hybridization and Scanning— Array hybridization and scan- 
ning was modified from a previous method (13). 10 ^g of cRNA was 
fragmented at 94 "C lor 35 min in buffer containing 40 mM Tris 
acetate, pH 8.1, 100 mM KOAc, 30 mM MgOAc. Prior to hybridization, 
the fragmented cRNA in a 6x SSPE-T hybridization buffer (1 m NaCI, 
10 mM Tris, pH 7.6, 0.005% Triton), was healed to 95 °C lor 5 min, 
subsequently cooled to 40 "C, and loaded onto the Aflymetrix* probe 
array cartridge. The probe array was then incubated for 16 h at 40 *C 
at constant rotation (60 rpm). The probe array was exposed lo 10 
washes in 6x SSPE-T at 25 "C followed by 4 washes in 0.5 x SSPE-T 
at 50 *C. The biotinylated cRNA was stained with a streptavidin- 
phycoerythrtn conjugate, 10 /xg/ml (Molecular Probes) in 6x SSPE-T 
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for 30 min at 25 °C followed by 1 0 washes in 6.x SSPE-T at 25 *C. The 
probe arrays were scanned at 560 nm using a conlocal laser scanning 
microscope (made tor Atfymetrix by Hewlett-Packard); The readings 
from the quantitative scanning were analyzed by Alfymetrix gene 
expression analysis software. 

Microsatellite Analysis -Microsatellite Analysis was performed as 
described previously (14). Mterosatetliles were selected by use of 
www.ncbi.nlm.nih.gov/genemap98, and primer sequences were ob- 
tained from the genome data base at www.gdb.org. DNA was extracted 
from tumor and blood and amplified by PCR in a volume of 20 *J tor 35 
cycles. The ampltcons were denatured and electrophoresed for 3 h in an 
ABI Prism 377. Data were collected in the Gene Scan program for 
fragment analysis. Loss of heterozygosity was defined as less than 33% 
of one allele detected in tumor amplicons compared with blood. 

Proteomtc Analysis— TCCs were minced into small pieces and 
homogenized in a small glass homogenizer in 0.5 ml ol lysis solulion. 
Samples were stored at -20 *C until use. The procedure for 2D gel 
electrophoresis has been described in detail elsewhere (15, 16). Gels 
were stained with silver nitrate and/or Coomassie Brilliant Blue. Pro- 
teins were identified by a combination of procedures that included 
microsequencing, mass spectrometry, two-dimensional gel Western 
hnmunoblotting, and comparison with the master two-dimensional gel 
image ot human keratinocyte proteins; see biobase.dk/cgi-bin/cens. 

CGH- Hybridization ol differentially labeled tumor and normal DNA 
to normal metaphase chromosomes was performed as described 
previously (10). Fluorescein- labeled tumor DNA (200 ng), Texas Red- 



labeled reference DNA (200 ng), and human Cot-1 DNA (20 ^g) were 
denatured at 37 °C for 5 min and applied to denatured normal met- 
aphase slides. Hybridization was at 37 C C for 2 days. After washing, 
the slides were counterstained with 0.15 pg/ml 4,6-diam»dino-2-phe- 
nylindole in an anti-fade solution. A second hybridization was per- 
formed tor all tumor samples using fluorescein- labeled reference DNA 
and Texas Red-labeled tumor DNA (inverse labeling) to confirrn the 
aberrations detected during the initial hybridization. Each CGH ex- 
periment atso included a normal control hybridization using fluores- 
cein- and Texas Red-labeled normal DNA. Digital image analysis was 
used to identify chromosomal regions with abnormal fluorescence 
ratios, indicating regions of DNA gains and losses. The average 
green:red fluorescence intensity ratio profiles were calculated using 
four images of each chromosome (eight chromosomes total) with 
normalization of the greemred fluorescence intensity ratio lor the 
entire metaphase and background correction. Chromosome identifi- 
cation was performed based on 4,6-diamidino-2-phenyfindote band- 
ing patterns. Only images showing uniform high intensity fluores- 
cence with minimal background staining were analyzed. All 
centromeres, p arms ol acrocentric chromosomes, and heterochro- 
matic regions were excluded from the analysis. 

RESULTS 

Comparative Genomic Hybridization— the CGH analysis 
identified a number of chromosomal gains and losses in the 
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Table I 

. Correlation between alterations detected by CGH and by expression monitoring 

Top, CGH used as independent variable 0* CGH alteration - what expression ratio was found); bottom, altered expression used as 
independent variable (if expression alteration - what CGH deviation was found). ■ ■ - • 
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two invasive tumors (stage pT1, TCCs 733 and 827), whereas 
the two non-invasive papillomas (stage pTa, TCCs 335 and 
532) showed only 9p-, 9q22-q33-, and X-, and 7+; 9q-, 
and Y-„ respectively. Both invasive tumors-showed changes 
(1q22-24+, 2q14.1-qter-, 3q12-q13.3-, 6q12-q22-, 
9q34+, 11q12-q13+, 17+, and 20q11.2-q12+) that are typ- 
ical for their disease stage, as well as additional alterations, 
some of which are shown in Fig. 1. Areas with gains and 
losses deviated from the normal copy number to some extent, 
and the average numerical deviation from normal was 0.4-fold 
in the case of TCC 733 and 0.3-fold for TCC 827. The largest 
changes, amounting to at least a doubling of chromosomal 
content, were observed at 1q23 in TCC 733 (Fig. ~\A) and 
20q12 in TCC 827 (Fig. 18). 

mRNA Expression in Relation to DNA Copy Number —The 
mRNA levels from the two invasive tumors (TCCs 827 and 
733) were compared with the two non-invasive counterparts 
(TCCs 532 and 335). This was done in two separate experi- 
ments in which we compared TCCs 733 to 335 and 827 to 
532, respectively, using two different scaling settings for the 
arrays to rule out scaling as a confounding parameter. Ap- 
proximately 1 ,800 genes that yielded a signal on the arrays 
were searched in the Unigene and Genemap data bases for 
chromosomal location, and those with a known location 
(1096) were plotted as bars covering their purported locus. In 
that way it was possible to construct a graphic presentation of 
DNA copy number and relative mRNA levels along the indi- 
vidual chromosomes (Fig. 1). 

For each mRNA a ratio was calculated between the level in 
the invasive versus the non-invasive counterpart. Bars, which 
represent chromosomal location of a gene, were color-coded 
according to the expression ratio, and only differences larger 



than 2-fbld were regarded as informative (Fig. 1). The density 
of genes along the chromosomes varied, and areas contain- 
ing only one gene were excluded from the calculations. The 
resolution of the CGH method is very low, and some of the 
outlier data may be because of the fact that the boundaries of 
the chromosomal aberrations are not known at high resolution. 

Two sets of calculations were made from the data. For the 
first set we used CGH alterations as the independent variable 
and estimated the frequency of expression alterations in these 
chromosomal areas. In general, areas with a strong gain of 
chromosomal material contained a cluster of genes having 
increased mRNA expression. For example, both chromo- 
somes 1q21-q25, 2p and 9q, showed a relative gain of more 
than 100% in DNA copy number that was accompanied by 
increased mRNA expression levels in the two tumor pairs (Fig. 
1). In most cases, chromosomal gains detected by CGH were 
accompanied by an increased level of transcripts in both \ 
TCCs 733 (77%) and 827 (80%) (Table I, top). Chromosomal 
losses, on the other hand, were not accompanied by de- 
creased expression in several cases, and were often regis- 
tered as having unaltered RNA levels (Table I, top). The inabil- 
ity to detect RNA expression changes in these cases was not 
because of fewer genes mapping to the lost regions (data not 
shown). 

In the second set of calculations we selected expression 
alterations above 2- fold as the independent variable and es- 
timated the frequency of CGH alterations in these areas. As 
above, we found that increased transcript expression corre- 
lated with gain of chromosomal material fJCC 733, 69% and 
TCC 827, 59%), whereas reduced expression was often de- 
tected in areas with unaltered CGH ratios (Table I, bottom). 
Furthermore, as a control we looked at areas with no alter- 
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Fig.. 2. Correlation between maximum CGH aberration and the ability to detect expression change by oligonucleotide array 
monitoring. The aberration is shown as a numerical -fold change in ratio between invasive tumors 827 (A) and 733 (♦) and their non-invasive 
counterparts 532 and 335. The expression change was taken Irom the Expression Hne to the right in Fig. 1, which depicts the resulting 
expression change lor a given chromosomal region. At least half of the mRNAs from a given region have to be either up- or down-regulated 
to be scored as an expression change. Ail chromosomal arms in which the CGH ratio plus or minus one standard deviation was outside the 
ratio value of one were included. 



ation in expression. No alteration was detected by CGH in 
most of these areas (TCC 733, 60% and TCC 827, 81%; see 
Table I, bottom). Because the ability to observe reduced or 
increased mRNA expression clustering to a certain chromo- 
somal area clearly reflected the extent of copy number 
changes, we plotted the maximum CGH aberrations in the 
regions showing CGH changes against the ability to detect a 
change in mRNA expression as monitored by the oligonucleo- 
tide arrays (Fig. 2). For both tumors TCC 733 (p < 0.015),and 
TCC 827 (p < 0.00003) a highly significant correlation was 
observed between the level of CGH ratio change (reflecting 
the QNA copy number) and alterations detected by the array 
based technology (Fig. 2). Similar data were obtained when 
areas with altered expression were used as independent vari- 
ables. These areas correlated best with CGH when the CGH 
ratio deviated 1.6- to 2.0-fold (Table I, bottom) but mostly did 
not at lower CGH deviations. These data probably reflect that 
loss of an allele may only lead to a 50% reduction in expres- 
sion level, which is al the cut-off point for detection of expres- 
sion alterations. Gain of chromosomal material can occur to a 
much larger extent. 

Microsatellite- based Detection of Minor Areas of Loss : 
es— In TCC 733, several chromosomal areas exhibiting DNA 
amplification were preceded or followed by areas with a nor- 
mal CGH but reduced mRNA expression (see Fig. 1 , TCC 733 
chromosome 1q32, 2p21, and 7q21*and q32, 9q34/ and 
10q22). To determine whether these results were because of 
undetected loss of chromosomal material in these regions or 



because of other non-structural mechanisms regulating tran- 
scription, we examined two microsatellites positioned at chro- 
mosome 1q25-32 and two at chromosome 2p22. Loss of 
heterozygosity (LOH) was found at both 1q25 and at 2p22 
indicating that minor deleted areas were not detected with the 
resolution of CGH (Fig. 3). Additionally, chromosome 2p in 
TCC 733 showed a CGH pattern of gain/no change/gain of 
DNA that correlated with transcript increase/decrease/in- 
crease. Thus, for the areas showing increased expression 
there was a correlation with the DNA copy number alterations 
(Fig. 1 A). As indicated above, the mRNA decrease observed in 
the middle of the chromosomal gain was because of LOH, 
implying that one of the mechanisms for mRNA down-regu- 
lation may be regions that have undergone smaller losses of 
chromosomal material. However, this cannot be detected with 
the resolution of the CGH method. 

In both TCC 733 and TCC 827, the telomeric end of chro- 
mosome 1lp showed a normal ratio in the CGH analysis; 
however, clusters of five and three genes, respectively, lost 
their expression. Two microsatellites {D11S1760, D11S922) 
positioned close to MUC2, IGF2, and cathepsin D indicated 
LOH as the most likely mechanism behind the loss of expres- 
sion (data not shown). 

A reduced expression of mRNA observed in TCC 733 at 
chromosomes 3q24, 11p11, 12p12.2, 12q21,1, and 16q24 
and in TCC 827 al chromosome 11pl5-5, 12pt1. 15q11.2, 
and 18q12 was also examined for chromosomal losses using 
miciosatellites positioned as close as possible to the gene loci 
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FtG. 3. Microsatellite analysis of loss of heterozygosity. Tumor 
733 showing toss of heterozygosity at chromosome 1q25, detected 
(a) by D1S215 close lo Hu class I histocompatibility antigen (gene 
number 38 in Fig. 1), (b) by D1S2735 close to cathepsin E (gene 
number 41 in Fig. 1), and (c) at chromosome 2p23 by D2S2251 close 
lo general ^-spectrin (gene number 11 on Rg. 1) and ol (d) tomor 827 
showing loss ol heterozygosity at chromosome 18q12 by S18S1118 
close to milochondrial 3-oxoacyt-coenzyme A thiolase (gene number 
12 in Fig. 1). The upper curves show the eleclropherogram obtained 
from normal DNA from leukocytes (/V), and the tower curves show Ihe 
eleclropherogram Irom tumor DNA (7). In all cases one allele is 
partially losl in the tumor amplicon. 

showing reduced mRNA transcripts. Only the microsatellite 
positioned at 18q12 showed LOH (Fig. 3), suggesting that 
transcriptional down-regulation of genes in the other regions 
may be controlled by other mechanisms. 

Relation between Changes in mRNA and Protein Levels— 
2D-PAGE analysts, in combination with Coomassie Brilliant 
Blue and/or silver staining, was carried out on all tour tumors 
using fresh biopsy material. 40 well resolved abundant known 
proteins migrating in areas away from the edges of the pH 
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Fia 4.. Correlation between protein levels as Judged by 20- 
PAGE and transcript ratio. For comparison proteins were divided in 
three groups, unaltered in level or up- or down-regulated i^orizontat 
axis). The mRNA ratio as determined by oligonucleotide arrays was 
plotted for each gene {vertical axis). A r mRNAs that were scored as 
present in both tumors used for the ratio calculation; A, mRNAs that 
were scored as absent in the invasive tumors (along horizontal axis) or 
as absent "m non-invasive reference (fop of figure), two different 
scafings were used to exclude scaling as a confounder. TCCs 827 
and 532 (XA) were scaled with background suppression, and TCCs 
733 and 335 (#0) were scaled without suppression. Both compari- 
sons showed highly significant (p < 0.005) differences in mRNA ratios 
between the groups. Proteins shown were as follows: Group A (from 
left), phosphoglucomulase 1, glutathione transferase class ft number 
4, fatty acid-binding protein homologue.. cytokeratin 15, and cyto- 
keratin 13; 8 (from /eft), fatty acid-binding protein homologue, 28-kDa 
heat shock protein, cytokeratin 13, and calcyclin; C (from /eft), a-eno- 
lase, hnRNP Bt, 28-kDa heat shock protein, 14-3-3-£, and 
pre-mRNA splicing factor; D, mesotheltal keratin K7 (type II); E (Irom 
fop), glutathione S-transferase-u and mesolhefial keratin K7.(type II); 
F (from top and /eft), adenylyl cyclase- associated protein, E-cadherin, 
keratin 19, calgizzarin, phosphoglycerale mutase, annexin IV, cy- 
toskeletal ^actih, hnRNP A1, integral membrane protein caJnexin 
(IP90), hnRNP H, brain-type clathrin light chain-a, hnRNP F, 70-kDa 
heat shock protein, heterogeneous nuclear ribonucleoprotein A/B, 
translationally controlled lumor protein, liver gryceraldehyde-3-phos- 
phale dehydrogenase, keratin 8, aldehyde reductase, and Na,K- 
ATPase 0-1 subunit; G, (Irom fop and /eft), TCP20, calgizzarin. 70- 
kDa heat shock protein, calnexin, hnRNP H, cytokeratin 15, ATP 
synthase, keratin 19, iriosephosphate isomerase, hnRNP F, Uver glyc- 
eraldehyde-3-phosphatase dehydrogenase, glutathione S-transler- 
ase-iT, and keratin 8; H (Irom /eft), plasma gelsolin, autoantigen cal- 
reticulin, thioredoxin, and NAD +t dependent 15 hydroxyprostaglandin 
dehydrogenase; / (from fop), prolyl 4-hydroxylase p-subunit, cyto- 
keratin 20, cytokeratin, 17, prohibition, and fructose 1,6-biphos- 
phatase; J annexin II; K, annexrn IV; L (Irom fop and /eft), 90-kDa heat 
shock protein, prolyl 4-hydroxylase p-subunit, o-enolase, GRP 78, 
cyclophifin, and cofilin. 

gradient, and having a known chromosomal location, were 
selected for analysis in the TCC pair 827/532. Proteins were 
identified by a combination of methods (see "Experimental 
Procedures"). In general there was a highly significant corre- 
lation (p < 0.005) between mRNA and protein alterations (Fig. 
4). Only one gene showed disagreement between transcript 
alteration and protein alteration. Except for a group of cyto- 
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Fig. 5. Comparison of protein and transcript levels in invasive 
and non-invasive TCCs. The upper pari ol the figure shows a 2D gei 
(feft) and the oligonucleotide array (right) ol TCC 532. The red rectan- 
gles on the upper gel highlight the areas that are compared below. 
Identical areas of 2D gels of TCCs 532 and 827 are shown below.' 
Clearly, cylokeratins 13 and 15 are strongly down-regulated in TCC 
827 . (red annotation). The' tile on the array containing probes for 
cytokeratin 15 is enlarged below the array {red arrow) from TCC 532 
and is compared with TCC 827. The upper row of squares in each tile 
corresponds to perfect match probes; the lower row corresponds to 
mismatch probes containing a mutation (used for correction for urv 
specific binding). Absence of signal is depicted as- black, and the 
higher the signal the tighter the color. A high transcript level was 
detected in TCC. 532 (6151 unils) whereas a much lower level was 
delected in TCC 827 (absence of signals). For cytokeratin 13, a high 
transcript level was also present in TCC 532 (15659 units), and a 
much lower level was present in TCC 827 (623 units). The 2D gels at 
the bottom ol the figure [left) show levels of PA-FABP and adipocyle- 
FABP in TCCs 335 and 733 (invasive); respectively. Both proteins are 
down-regulated in the invasive tumor. To the right we show the array 
tiles for the PA-FABP transcript. A medium transcript level was de- 
tected in the case of TCC 335 (1277 units) whereas very low levels 
were detected in TCC 733 (166 units). IEF, isoelectric focusing. 



keratins encoded by genes on chromosome 17 (Fig. 5) the 
analyzed proteins did not belong to a particular family. 26 well 
focused proteins whose genes had a know chromosomal' 
location were detected in TCCs 733 and 335, and of these 19 
correlated (p < 0.005) with the mRNA changes detected using 
the arrays (Fig. 4). For example, PA-FABP was highly ex- 
pressed in the non-invasive TCC 335 but lost in the invasive 
counterpart (TCC 733;. see Fig. 5). The smaller number of 
proteins detected in both 733 and 335 was because of the 
smaller size of the biopsies that were available. 

1 1 chromosomal regions where CGH showed aberrations 
that corresponded to the changes in transcript levels also 
showed corresponding changes in the protein levef (Table II). 
These regions included genes that encode proteins that are 
found to be frequently altered in bladder cancer, namely 
cytokeratins 17 and 20, annexins II and IV, and the fatty 
acid-binding proteins PA-FABP and FBP1. Four of these pro- 
teins were encoded by genes in chromosome 17q, a fre- 
quently amplified chromosomal area in invasive bladder 
cancers. 

DISCUSSION 

Most human cancers have abnormal DNA content, having 
lost some chromosomal parts and gained others. The present 
study provides some evidence as to the effect of these gains 
and losses on gene, expression in two pairs of non-invasive 
and invasive TCCs using high throughput expression arrays 
and proteomics, in combination with CGH. In general, the 
results showed that there is a clear individual regulation of the 
mRNA expression of single genes, which in some cases was 
superimposed by a DNA copy number effect. In most cases, 
genes located in chromosomal areas with gains often exhib- 
ited increased mRNA expression, whereas areas showing 
losses showed either no change or a reduced mRNA expres- 
sion. The latter might be because of the fact that losses most 
often are restricted to loss of one allele, and the cut-off point 
for detection of expression alterations was a 2-fold change, 
thus being at the border of detection. In several cases. how- 
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Table II 

Proteins whose expression level correlates with both mRNA and gene dose changes 



Chromosomal location Tumor TCC CGH alteration Transcript alteration" Protein alteration 



Annexin II 
Annexin IV 
Cytokeratin 17 
Cytokeratin 20 
(PA-)FABP 
FBP1 

Plasma gelsolin 
Heat shock protein 28 
Prohibit in 
Prolyl- 4 -hydroxyl 
hnRNPBI 



1q21 
2p13 

17ql2-q21 

t7q21.1 

8q21.2 

9q22 

9q31 

15q12-q13 
17q21 
I7q25 
7p15 



733 


Gain 


Abs to Pres* 


, Increase 


733 


Gain 


3.9-Fold up 


Increase 


827 


Gain 


3.8- Fold up 


Increase 


827 


Gain 


5.6-Fold up 


* Increase 


827 


Loss 


10-Fold down 


Decrease 


. 827 


Gain 


2.3-Fold up 


Increase 


827 


Gain 


Abs to Pres 


Increase 


827 


Loss 


2.5- Fold up 


Decrease 


827/733 


Gain 


3.7-/2.5-Fold up to 


Increase 


827/733 


Gain 


5.7-/1.6 : Fold up 


Increase 


827 


Loss 


2.5-Fold down 


Decrease 



* Abs, absent; Pres, present. _ ' 

b In cases where the corresponding alterations were found in both TCCs 827 and 733 these are shown as 827/733. 
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ever, an increase or decrease in DNA copy number was 
associated with de novo occurrence or complete loss of tran- 
script, respectively- Some of these, transcripts could not be 
detected in the non-invasive tumor but were present at rela- 
tively high levels in areas with DNA amplifications in the inva- 
sive tumors (e.jg. in TCC 733 transcript from cellular ligand of 
annexin II gene (chromosome 1q21) from absent to 2670 
arbitrary units; in TCC 827 transcript from small protine-rich 
protein 1 gene (chromosome 1q12-q21.1) from absent to 
1326 arbitrary units). It may be anticipated from these data 
that significant clustering of genes with an increased expres- 
sion to a certain chromosomal area indicates an increased 
likelibodd of gain of chromosomal material in this area- 
Considering the many possible regulatory mechanisms act- 
ing at the level of transcription, it seems striking that the gene 
dose effects were so clearly detectable in gained areas. One 
hypothetical explanation may lie in the loss of controlled 
methylation in tumor cells (17-19). Thus, it may be possible 
.that in chromosomes with increased DNA copy numbers two 
• or more alleles could bedemethylated simultaneously leading 
to a higher transcription level, whereas in chromosomes with 
losses the remaining allele could be partly methylated, turning 
. off the process (20, 21). A recent report has documented a 
ploidy regulation of gene expression in yeast, but in this case all 
the genes were present in the same ratio (22), a situation that is 
not analogous to that of cancer cells, which show marked 
chromosomal aberrations, as well as gene dosage effects. 

Several CGH studies of bladder cancer have shown that 
some chromosomal aberrations are common at certain 
stages of disease progression, often occurring in more than 1 
of 3 tumors.' In pTa tumors, these include 9p-; 9q~. 1q+, Y- 
(2, 6), andinpTt tumors, 2q-,11p-, 11q-, 1Q+. 5p+, 8q+, 
17q+, and 20q+ (2-4, 6, 7). The pTa tumors studied here 
showed similar aberrations such as 9p- and 9q22-q33- and 
9q- and Y-, respectively. Likewise, the two minimal invasive 
pT1 tumors showed aberrations that are commonly seen at 
that stage, and TCC 827 had a remarkable resemblance to the 
commonly seen pattern of losses and gains, such as 1 q22-24 
amplification (seen in both tumors). 1 1q14-q22 loss, the latter 
often linked to 17 q+ (both tumors), and 1q+ and 9p-. often 
linked to 20q+ and 11 q13+ (both tumors) (7-9). These ob- 
servations indicate that the pairs of tumors used in this study 
exhibit chromosomal changes observed in many tumors, and 
therefore the findings could be of general importance for 
bladder cancer. 

Considering that the mapping resolution of CGH is of about 
20 megabases it is only possible to get a crude picture of 
chromosomal instability using this technique. Occasionally, 
we observed reduced transcript levels close to or inside re- 
gions with increased copy numbers. Analysis of these regions 
by positioning heterozygous microsatellites as close as pos- 
sible to the locus showing reduced gene expression revealed 
loss of heterozygosity in several cases. It seems likely that 
multiple and different events occur along each chromosomal 



arm and that the use of cDNA microarrays for analysis of DNA 
copy number changes will reach a resolution that can resolve 
these changes, as has recently been proposed (2). The outlier 
data were not more frequent at the boundaries of the CGH 
aberrations. At present we do not know the mechanism be- 
hind chromosomal aneuploidy and cannot predict whether 
chromosomal gains will be transcribed to a larger extent than 
the two native alleles. A mechanism as genetic imprinting has^ 
an impact on the expression level in normal cells and is often 
reduced in tumors. However, the relation between imprinting 
and gain of chromosomal, material is not known. 

We regard it as a strength of this investigation that we were 
able to compare invasive tumors to benign tumors rather than 
to normal urothelium, as the tumors studied were biologically 
very close and probably may represent successive steps in 
the progression of bladder cancer. Despite the limited amount 
of fresh tissue available it was possible to apply three different 
state of the art methods. The observed correlation between 
DNA copy number and mRNA expression is remarkable when 
one considers that different pieces of the tumor biopsies were 
used for the different sets of experiments. This indicate that 
bladder tumors are relatively homogenous, a notion recently 
supported by CGH and LOH data that showed a remarkable 
similarity even between tumors and distant metastasis (10, 23). 

In the few cases analyzed, mRNA and protein levels 
showed a striking correspondence although in some cases 
we found discrepancies that may be attributed to translation^ 
regulation, post-translational processing, protein degrada- 
tion, or a combination of these. Some transcripts belong to 
undertrarislated mRNA pools, which are associated with few 
translationally inactive ribosomes; these pools, however, 
seem to be rare (24). Protein degradation, for example, may 
be very important in the case of polypeptides with a short 
half-life (e.g. signaling proteins). A poor correlation between 
mRNA and protein levels was found in liver cells as deter- 
mined by arrays and 2D-PAGE (25). and a moderate correla- 
tion was recently reported by Ideker et a/. (26) in yeast. 

Interestingly, our study revealed a much better correlation 
between gained chromosomal areas and increased mRNA 
levels than between loss of .chromosomal areas and reduced 
mRNA levels. In general, the level of CGH change determined 
the ability to detect a change in transcript! One possible 
explanation could be that by losing one allele the change in 
mRNA level is not so dramatic as compared with gain of 
material, which can be rather unlimited and may lead to a 
severalfold increase in gene copy number resulting in a much 
higher impact on transcript level. The latter would be much 
easier to detect on the expression arrays as the cut-off point 
was placed at a 2-fold level so as not to be biased by noise on 
the array. Construction of arrays with a better signal to noise 
ratio may in the future allow detection of lesser than 2-fold 
alterations in transcript levels, a feature that may facilitate the 
analysis of the effect of loss of chromosomal areas on tran- 
script levels. 
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In eleven cases we found a significant correlation between 
DNA copy number, mRNA expression, and protein level. Four 
of these proteins were encoded by genes located at a fre- 
quently amplified area in chromosome 17q. Whether DNA 
copy number is one of the mechanisms behind alteration of 
these eleven proteins is at present unknown and will have to 
be proved by other methods using a larger -number of sam- 
ples. One factor making such studies complicated is the large 
extent of protein modification that occurs after translation, 
requiring immunoidentification and/or mass spectrometry to 
correctly identify the proteins in the gels. 

In conclusion, the results presented in this study exemplify 
the large body of knowledge that may be possible to gather in 
the future by combining state of the art techniques that follow 
the pathway from DNA to protein (26). Here, we used a tradi- 
tional chromosomal CGH method, but in the future high reso- 
lution CGH based on microarrays with many thousand radiation 
hybrid-mapped genes will increase the resolution and informa- 
tion derived from these types of experiments (2). Combined with 
expression arrays analyzing transcripts derived from genes with 
known locations, and 2D gel analysis. to obtain information at 
the post-translational level, a clearer and more developed un- 
derstanding of the tumor genome will be forthcoming. 
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Exprcssiou of bcr-abl mRNA ia individual chronic myelogenous leukaemia 
cells as determined by in situ amplification. 

Pachmann K, Zhao S , Schenk T . Kantarjian H . El-Naggar AtC Siciliano MX Guo 
JQ, Arlinghaus RB . Andreeff M . 

The University of Texas M.D. Anderson Cancer Center, Department of Molecular 
Haematology and Therapy, 1515 Holcombe Boulevard, Houston, TX 77030, USA. 

We present the results of a novel method developed for evaluation of in situ 
amplification, a molecular genetic method at the cellular level Reverse transcription 
polymerase chain reaction (RT-PCR) was used to study bcr-abl transcript levels in 
individual ceils from patients with chronic myelogenous leukaemia (CML). After 
hybridizing a fluorochrome-labelled probe to the cell-bound RT-PCR product, bcr-abl 
mRNA-positive cells were determined using image analysis. A .dilution series of bcr-abl- 
positive BV173 into normal cells showed a good correlation between expected and actual 
values, hi 25 CML, samples, the percentage of in situ PCR-positive cells showed an 
excellent correlation with cytogenetic results (r = 0.94, P < 0:0001), interphase 
fluorescence in situ hybridization (FISH) (r = 0 : 95, P = 0.001) and hypermetaphase FISH 
(r- 0.8l, P < 0.001). The fluorescence intensity was higher in residual CML cells after 
interferon (IFN) treatment than in newly diagnosed patients (P = 0.004), and was highest 
in late-stage CML resistant to IFN therapy and lowest in CML blast crisis (P = 0.001). 
Mean fluorescence values correlated with bcr-abl protein levels, as determined by 
Western blot analysis (r = 0,62). Laser scanning cytometry allowing automated analysis 
of large numbers of cells confirmed the results. Thus, fluorescence in situ PCR provides a 
novel and quantitative approach for monitoring tumour load and bcr-abl transcript levels 
in CML, 

PMID: 1 1 260080 [PubMed - indexed for MEDLINE] 
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Cell localization and regulation of expression of cytochrome P450 1A1 and 

t u Z r , S 3fter induction witu 3-metbylcUoIanthrene using mRNA 
hybridization and immunohistochemistry. 

INSERM Unite 139, Hopital Henri Mondor, Creteil, France. 

In order to characterize the response of various pulmonary cell types to polycyclic 
aroma t,c hydrocarbons, the expression of cytochrome P450 (CYP) 1 Al and 2B1 mRNA 
in the lung of rats, with or without induction by 3-methyIcholanthrene (3MC) waT^ 
analyzed by m s,tu hybridization! using appropriate 35S-labeled riboprobes "The 
expression of (he corresponding proteins was investigated immunohistochemically 

hfT n r. 1 W f 3MC ' the ***** 0f mRNA ex P ression differed considerably 

between Clara cells and type II pneumofcytes and venous endothelial cells. In Clara ceUs 

niRNA expression was detected as early as 1 h after induction, peaked between 2 and 4 h 

™1™ T ? S U " detectable * 14 h - * ^trast venous endothelial cells andZe If 
pneumocytes : exhab.ted permanent mRNA expression of CYP 1 A l in 3MC-pretreateT 

T" ItS e ^ ,ain ^ StrikiDg 3bsence ^ correlation between mRNA and 
protem expression observed in Clara cells 24 h after the end of the induction protocols 
fcese cells exhibited intense protein expression with no mRNA. In contrast, a'good ' 
correlation was observed for mRNA and protein expression of CYP 2B1, with similar 

itl ^ J ^d^nguished the regulation of CYP 1 Al expression in the rat 
lung from that described m the liver. The differences observed in the various lung cell 
types whatever the po^t-transcriptional mechanisms involved, emphasize that studies 
must be performed at the cellular level in order to understand the specific response to 
xenobiot.es, not only of this organ as a whole but also of its various anatomic structures. 

PMID: 7917307 [PubMed - indexed for MEDLINE] 
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Correlative inuuu noli is to chemical and reverse transcriptase polymerase 
chain reactiou analysis of somatostatin receptor type 2 in neuroendocrine 
tumors of the lung. 

Paporti M , Croce S , Macri L , Funaro A , Pecchioni C , Schindlcr M , Bussolati G . 

Department of Biomedical Sciences and Oncology, University of Turin, Italy. 

Somatostatin receptors type 2 (sst2) have been frequently detected in neuroendocrine 
tumors and bind somatostatin analogues, such as octreotide, with high affinity. Receptor 
autoradiography, specific mRNA detection and, more recently, antisst2 polyclonal 
antibodies are currently employed to reveal sst2. The aim of the present study was to 
investigate by three different techniques the presence of sst2 in a series of 26 
neuroendocrine tumors of the lung in which fresh frozen tissue and paraffin sections were 
available. It was possible, therefore, to compare, in individual cases, RNA analysis 
studied by reverse transcriptase polymerase chain reaction (RT-PCR), in situ 
hybridization (ISH), and immunohistochemistry. A series of 20 nonneuroendocrine lung, 
carcinoma samples served as controls. RT-PCR was positive for sst2 in 22 of 26 samples, 
including 15 of 15 typical carcinoids, 5 of 6 atypical carcinoids, and 2 of 5 small-cell 
carcinomas. The sst2 mRNA signal obtained by RT-PCR was strong in the majority 
(87%) of typical carcinoids and of variable intensity in atypical carcinoids and small-cell 
carcinomas. A weakly positive signal was observed in 5 of 20 control samples. In 
immunohistochemistry, two different antibodies (ariti-sst2) were employed, including a 
monoclonal antibody, generated in the Department of Pathology, University of Turin. In 
the majority of samples a good correlation between sst2 mRNA (as detected by RT-PCR) 
and sst2 protein expression (as detected by immunohistochemistry) was observed. 
However, one atypical carcinoid and one small-cell carcinoma had focal immunostaining 
but no RT-PCR signal. ISH performed in selected samples paralleled the results obtained 
with the other techniques. A low sst2 expression was associated with high grade 
neuroendocrine tumors and with aggressive behavior. It is concluded that 1) 
neuroendocrine tumors of the lung express sst2, and there is a correlation between the 
mRNA amount and the degree of differentiation; 2) immunohistochemistry and ISH are 
reliable tools to demonstrate sst2 in these tumors; and 3) sst2 identification in tissue 
sections may provide information on the diagnostic or therapeutic usefulness of 
somatostatin analogues in individual patients with neuroendocrine tumors. 
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Correlative Immunohistochernical and Reverse 
Transcriptase Polymerase Chain Reaction Analysis of 
Somatostatin Receptor Type 2 in Neuroendocrine 
Tumors of the Lung 



Aola Funaro, PbJX, Carla Pecchioni, Marcus Schindler, M.ix> and 
Gianni Bussolati, M.D., F.R.C.Path. 



v Somatostatin receptors type 2 (sst2) have been frequently de- 
* t ec ted in neuroendocrine rumors and bind somatostatin ana- 

- logues, such as octreotide, with high affinity. Receptor autora- 
V -* diography, specific mRNA detection and. more recently, anti- 

' sst2 polyclonal antibodies are currently, employed to reveal 
v - - sst2rThe aim of the present study was to investigate by three 
"- : different techniques the presence of sst2 in a series of 26 neu- 

- roendocrine tumors of the lung in which fresh fro2en tissue and 
' paraffin sections were available. It was possible, therefore, to 

compare, in individual cases. RNA analysis studied by reverse 
■• . nanscriptase polymerase chain reaction (RT-PCR), in situ hy- 
•-*" bridizalion (ISH), and imrounohistochemistry. A series of 20 
.Donneurbendocrine Jung carcinoma samples served as controls. 
RT-PCR was positive for sst2 in 22 of 26 samples, including 15 
of. 15 typical carcinoids, 5 of 6 atypical carcinoids, and 2 of 5 
small-cell carcinomas. The sst2.mRNA signal obtained by RT- 
PCR was strong in the majority (87%)' of typical carcinoids and 
of variable intensity in atypical carcinoids and small-cell car- 
cinomas. A weakly positive signal was observed in 5 of 20 
control samples. In iromunohisiocheinistry, two diffeient anti- 
bodies (anU-sst2) were employed, including a monoclonal an- 
' libody, generated in the Department of Pathology, University 
of Turin. In the majority of samples a good con elation between 
sst2 mRNA (as detected by RT-PCR) and sst2 protein expres- 
sion (as detected by immunohisiochernistry) was observed. 
However, one atypical carcinoid and one small-cell carcinoma 
had focal immunostaining but no RT-PCR signal. 1SH per- 
formed in selected samples paralleled the results obtained with 
the other techniques. A low sst2 expression was associated with 
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high grade neuroendocrine tumors and with aggressive behav- 
ior. It is concluded that 1) neuroendocrine rumors of the rung 
express sst^, and there is a correlation between the mRNA 
amount and the degree of differentiation; 2) irorounohistochem- 
istry and JSH are reliable tools to demonstrate" sst2 in these 
tumors; and 3) sst2 identificarion in tissue sections may provide 
information on the diagnostic or therapeutic usefulness of so- 
matostatin analogues in individual patients with neuroendo- 
crine tumors. 

Key Words; Neuroendocrine — Lung— Tumors— -Somato- 
statin receptors — Immun oh istochemistry^- Small cell carci- 
noma — Reverse transcriptase polymerase chain reaction. 

Diagn Mpl Pathol 9(1): 2000. 



The somatostatin receptor family '(sst) includes at least 
Jive isoforms that have been recently identified and char- 
acterized (18,32,41). The ssts are widely distributed in 
normal human tissues and m human tumors. Sst type 2 is 
more commonly detected in neuroendocrine rumors 
(32,37) and binds the somatostatin analogue octreotide 
with high affinity. 

Sst localization had originally been demonstrated by 
means of binding assays of radiolabeled somatostatin 
analogues (20,25,31). Subsequently, specific sst messen- 
ger RNA (mRrJA) detection was obtained by means of in 
situ hybridization (ISH) and reverse transcriptase poly- 
merase chain reaction (RT-PCR) (14,32,37). Recently, 
polyclonal antibodies specific for different isoforms of 
sst were produced and used in urimunohistochemisU7 
(10,12,15,18,30,35,36). Given the well-known heteroge- 
neity of neoplastic populations, in situ methods (irrunu- 
nohistocbemistry and 1SH)' allow a mote definite map- 
ping of die distribution of the receptot in such tissues. 
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This is potentiaDy useful for predicting the responsive- 
ness of a given neoplastic cell population to medical 
treatment with somatostatin analogues, which are used in 
the clinical setting for both diagnostic and therapeutic pur- 
poses with special reference to neuroendocrine tumors. 

The spectrum of neuroendocrine rumors of the lung 
includes well-differentiated neoplasms (so-called typical 
. carcinoids) and poorly differentiated small-cell carcino- 
mas (SCCs). Intermediate forms sharing features of both 
the aforementioned types also belong to this spectrum 
. (so-called atypical carcinoids or well-differentiated neu- 
roendocrine carcinomas). Finally, large-cell neuroendo- 
— Gjirje^areinoma--has-beeD-4dentiiied and- mcltided-in-this- 
tumor group (4,40). The tissue distribution of sst2 in 
neuroendocrine tumors of the lung has not been thor- 
oughly characterized, although individual samples of 
: bronchial carcinoids were found to express sst (30). 
SCCs (but riot non-small-cell types) were also shown to 
be sst2 positive by receptor binding assay (33). More- 
over, sst2 has been detected in in vitro cell cultures of 
human SSC of the lung (39,42). No study on a series of 
neuroendocrine rumors of the lung including all neuro- 
endocrine lung tumor types has been reported to date. 

The aim of this study was therefore to investigate the 
presence of ss t2 mRNA and protein in a series, of 26 
newoendocrine tumors of the Jung, employing different 
technical approaches, such as RT-PCR, 1SH, and immu- 
nohistochemistry. To this purpose a monoclonal anti- 
. body to sst2 (N-terrninal) was generated in the Depart- 
ment of Pathology, University of Turin. The results were 
then compared and related to the rumor grade and to 
; other clinicopalhologic parameters. 

MATERIALS AND METHODS 

Case Series and RNA Extraction 

Twenty-six samples of neuroendocrine tumors of the 
lung, in which fresh frozen lissue was available, were 
retrieved from the surgical pathology file of the Univer- 
sity of Turin, Italy. All samples were reviewed applying 
currently accepted criteria of classification (4,40), and 
the neuroendocrine narure was confirmed by positive im- 
nrtinostaining for chromogranin A (CgA) (with or with- 
out antigen retrieval) or synapiophysin, and by positive 
RT-PCR for CgA mRNA. According to the classi- 
fications described here, these included 15 well- 
differentiated neuroendocrine tumors (typical carci- 
noids), 6 well- differentiated neuroendocrine carcinomas 
(atypical carcinoids), and 5 SCCs. 

A series of 20 non-smafl-cell lung carcinomas (10 
squamous, 9 adenocar cinomas, and 3 large- cell anaplas- 
tic) Jacking neuroendocrine differentiation, as demonstrated 
by negative irnmunohistocbernistry and RT-PCR for CgA 
(I), served as a control group. Clinicopalhologic data and 
foliow-up information were obtained foi all patients. 



For hybridization analysis, total RNA was extracted 
using the guanidine thiocyanate-cesium chloride method 
(5). The concentration of RNA was estimated by spec- 
trophotometry, and RNA degradation was assessed by 
agarose gel electrophoresis as previously reported {37). 

i 

Reverse Transcriptase Polymerase Chain Reaction-, 
for sst2 and Chroroogranin A 

Total RNA (2 p,g) was first digested, with 10 units of 
RNaseTree DNase (Boehringer, Mannheim, Germany) 
in a 10- pi! solution containing 20 mmol/L MgCl 2 » 10 
. avoid DNA contamination. The; solution was kept at 
room temperamre forTO mmuteSTtlien heated for 5 min- 
utes at 70 D C to inactivate the DNase molecules; 40 
pmol/L of oligodeoxythymidine primers (pligp-dT16) 
were added and the solution was heated again at 70°C for 
10 minutes, then chilled on ice to allow the primer hy- 
bridization. The resulting solution was reverse tran- 
scribed using 100 units of reverse transcriptase (Gibco 
BRL, Gaitersburg, MD). Complementary £>NA (cDNA) 
was generated in a 50- pX final reaction volume contain- 
ing 50 mmol/L Tris-HCl pH 8.3, 75 mmol/L KQ, 3 
mmol/L MgCl 2 , 10 mmol/L dithiotbreitol, 1 rrtmol/L de- 
oxy nucleotide triphosphates (dNTPs), and 20 units of 
RNasin (Proroega, Madison^ WI). The solution was 
heated at 37 D C for 90 minutes. Finally, the enzymes were 
inactivated by heating to 70°C for 10 minutes. 

The efficiency of the reverse transcription was deter- 
mined by performing a PGR reaction having the p 2 ~ 
microglobulin "housekeeping gene" as a target. PCR was 
carried out in a 10-pJL final reaction volume containing 
1 jjlL of cDNA template, 10 pmol of sense and antisense 
oligonucleotide primers, 67 mxpol/L Tris-HQ pH 8.8, 16 
mmol/L (NH 4 )2S0 4 , 0.01 % polysorbate 20, 2 mmol/L* 
dNTPs, 1 mmol/L MgCl 2> and .0.5 units of Taq polymer- 
ase. 0 2 - Microglobulin, sst2, and CgA PCR reactions were 
performed using the same protocol at the following PCR 
conditions: 35 cydes. each cycle consisting of denaruration 
at 94 °C for 2 minutes, arinealing at 55°C for 1 minute for 
P^rmcroglobulin, at 63 D C for sst2, and at 68°C for CgA; 
extension was performed at 72°Cfor 3 minute. The primers 
used for RT-PCR (9,1 3 ,23,37) are reported in Table 1 . 

The amplified fragments were run in a \% agarose gel, 
containing .eibidiurn bromide. Strict precautions against 
contamination were undertaken (19) and negative con- 
trols (a no- template control and a no^everse transcriptase 
control and distilled water to replace the RNA) were in- 
cluded. The RNA extracted from an H716 neuioendocrine 
colon carcinoma cell line, and from a neuroblastoma (37) 
served as positive controls for CgA and sst2, respectively- 

Antibodies 

Two different antibodies specific for sst2 were em- 
ployed: The first one was a monoclonal antibody raised 



SOMATOSTATIN RECEPTOR TYPE 2 IN NEUROENDOCRINE LUNG TUMORS 
TABLE 1. Sequences of primers used for reverse transcriptase polymerase chain reacts 
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Size of PGR 
product {bp) 



Position 



Study 



^T^^bunn sense: 5' ACC CC^ ACT GAA >MA .GAT I BA_^ 
o B -rrwcrodobuKn antrsense: 5' ATC TTC AAA OCT CCA ^TGA TG. 3 
% feSS £»: 5' CAG JCA TGA GC/ l TO3 ACC GA 3' 
2 SSTB2 anitsense: 5' GCA AAG ACA GAT GAT GGT GA 3 
g gTSS: 5' GCT CCA AGP iCCl ■ CGC TO rOD £ 
g C9A anfcense: 5' GAC CGA CTC TCG CCT TTC CG 3 

• - PCR; polymerase chain reaction. 



in - the Department of Pathology (University of Turin) 
^pp/rific for an N-teni^ ^eapence_pf ^e^sj^sbared 



by both A and B receptor isofonns). The octapeptide 
EPYTDLTS, corresponding to amino acids 35 to 42 of 
the human receptor (and differing by one amino acid 
jrom the mouse sequence), was synthesized, having a 
ji&n added to tbe N- terminal. This sequence was similar 
40 that used by other groups to produce polyclonal anti- 
bodies (17,18*27). This .sequence was rather short but 
made it possible to avoid extensive homology with ssth 
In addition, according to a genbank search using FASTA 
(28), this protein sequence is unique to human sst2 and 
has a partial homology only with rat and human nuclear 
receptor retinoid orphan nuclear* receptor- beta (a protein 
having nuclear localization). Three Balb/c mice were im- 
munised with the peptide conjugated to keyhole limpets 
hemocyanin (KLH) (Sigma, St Louis, MO) following 
the standard procedure. After the first mtrasplenic injec- 
tion (100 fig of protein) at time 0, the mice* were intra- 
perifoneally injected six times with the peptide-KLH 
conjugate (150 ixg) in the presence of Freund adjuvant 
The reactivity of the sera from each animal was evalu- 
ated using an enzynje-linked immunosorbent assay, us- 
ing the peptide coated onto the plastic. Tbe bybridomas 
were ptoduced by somatic fusion of immunized spleno-r 
cytes with the mouse myeloma cell line Ag8.X 63:653, 
following the standard . technique (21). Tbe monoclonal 
antibodies of interest were selected on the basis of the 
reactivity with the target peptide and with appropriate 
tissue sections: Tbe latter included formalin-fixed and 
paraffin-embedded sections of pituitary, gland and pan- 
creatic islets and were analyzed by means of irnmuno- 
peroxidase staining- Parallel control experiments were 
also performed by staining serial sections of these tis- 
sues, omitting the primary antibody or with the preim- 
roune serum or with the antibody preadsorbed with high 
concentrations (1 rag/mL) of the antigenic peptide. In 
addition, ihe selected monoclonal antibodies (coded 
10C6and 10G4), both oflgM isorype, were further char- 
acterized by Western blotting. Membranes were prepared 
fiom stable transfected Chinese hamster ovary (CHO> 
K) cells, individually expressing recombinant human so- 
matostatin receptors (sstl to sst5). Western blotting was 
performed as previously described (36). The monoclonal 
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antibody was used as culture supernatant at 1:3 dilution 
for 7'hoars at room t eroperature.ip Tris-buffered saline 



(TBS), supplemented with 0.1% polysorbate 20. Blots 
were washed in TTBS and incubated with peroxidase- 
conjugated goat antimouse IgM, diluted 1:1-500 for 90 
minutes at room temperature. Then, blots were washed in 
TTBS and immunocoroplexes were visualized using 
ECt followmg.manufacrurer*s instructions (Amersbam, 

Bucks, UK). " ■ ■ . . 

A second polyclonal antibody was produced that had 
been characterized previously (35,36). This antibody 
(coded K230) was raised in sbeep and was specific for a 
sequence of the C-terrninal portion of tbe sst2A (KSRL- 
NET^TQRTXJLNEDLQ, amino acids 347 to 366). 

. IrjorjQunobist ochemistry 

Sections 4 or 5 .thick, adjacent to those used for 
conventional histopathologic examination and immuno- 
staining for neuroendocrine markers, were collected onto 
poly-L-)ysine-coaied slides: Tbe proliferative activity of 
the tumors was assessed by means of K367 iriirnunosta- 
nining (clone MEB1, Immunotech, Marseille, France), 
diluted 1:10 after microwave-based antigen retrieval m 
citrate buffer). Tbe ascitic fluid of monoclonal antibody 
10G4 was used in this study and was applied to tissue 
sections with prior antigen retrieval (three 3-mhmte pas- 
sages in a.micTOwave oven at 800 W in citrate buffer pH 
6.0), at the dilution of 1:30,000 or 1:12,000 for 30 min- 
utes' at room temperature, tbe antiserum coded K230- 
xvas applied overnight at a dilution of 1:300 with no prior 
antigen retrieval- The immune reactions were then re- 
vealed with tbe immunoperoxidase technique (13) using 
tbe streptavidin-peroxidase kit and diaminobenzidiDe as 
chroroogen. A weak nuclear counieistain or no counter 
stain was used in parallel sections. Control stainings for 
both antibodies included immunopei oxidase of serial 
sections using pieimraune serum or antibody pread- 
sorbed with the antigen or buffer instead of tbe primary 
antibody. 

In Sim Hybridization 

Selected tumors (12 samples) weie also analyzed for 
sst2 mRNA expiession by means of a nonradioactive, 
ryi amide deposition-based 3SH technique. Tbe proce; 

i?u> S n Metros v°L p, &o:).*vo° 



50 



M. PAPOT77ETAL 



dure of amplification was modified from procedures re- 
ported by Kerstens et al (16), Spec! et al. (38), and the 
GenPoiut (biotinyl-iynamide) manufacturer (Dako, Glos- 
trup, Denmark). Briefly, 5-|xm-thick paraffin sections 
were collected onto silane-coated slides and deparaf- 
ilnized through xylene and graded alcohols to phosphate 
buffer saline (PBS). The slides were then incubated for 5 
minutes in a microwave oven at 800 W in citrate buffer 
pH 6.0. After washing in PBS, ihey were digested with 
proteinase K-(I |xg/mL) for 10 minutes at 23°C Endog- 
enous peroxidase activity was blocked with 3% hydro- 
gen peroxide and endogenous biotin was blocked using 
^dtir-ij)ockmg-Te^ent^OT-l 5 minutes -folio wed-by 



w ashing in PBS and biotin-blocking reagent for 15 min- 
utes (3). Sections were then prebybridi2ed for 1 hour at 
room temperature in a mixture composed of 4x SSG, 
509b formamide, Denbardt's lx, dextrane sulfate 5x, 500 
jAg/mL salmon sperm DNA„ and 250 M-gAnL tRNA* Hy- 
bridization took place overnight at 42°C in a solution 
containing the specific probe at a Concentration -of 1 
pmol/mL The probe was a digoxigenin-labeled 48-hase 
oligonucleotide (32), complementary to positions 91 to 
139 of the human sst2 gene (41). After hybridization,, 
excess hybridization buffer and coverslips were removed 
by a rapid wash in 4x SSC followed by stringent washing 
in OJx SSC for 10 minutes at 42°C. The hybrids were 
revealed by the following incubation steps: peroxidase- 
labeJed antidigoxigenin (diluted 1:100 in PBS) for 30 
minutes at room temperature, bioiinylated tyramide (di- 
luted 3:5 in PBS) for 15 minutes at room temperature, 
and peroxidase-Iabeled streptavidin for 15 minutes at-, 
room tempeTarure. Diamioobenzidine was used as enjo- 
in ogen. Controls for 1SH included staining of serial sec- 
tions with sense probe, an unrelated probe (EBER- I of 
the Epstein-Barr virus), and omission of the probe in the 
hybridization mixture, with all other experimental con- 
ditions identical to the procedure described here. 



RESULTS 

Reverse Transcriptase Polymerase Chain Reaction 

AH neuroendocrine tumors, but no nonneuroendocrine 
lung carcinomas, were positive for CgA mRNA (Fig- 1). 
Sst2 mRNA was amplified in 22 of 26 samples of neu- 
roendocrine rumor. The signals had variable intensities 
(Eg. 2) and were weak in moderately ox poorly differ- 
entiated tumors (mostly in SCCs). No amplification was 
obtained in no-template or no-reverse transcriptase ex- 
periments. Control samples (normeuroendocrine long 
carcinomas proven by negative CgA RT-PCR) were 
weakly positive for sst2 in 5 of 20 samples only (includ- 
ing 3 adenocarcinomas,' 1 squamous, and the large-cell 
anaplastic carcinoma) (Fig. 3). These differences were 
siarjsticidJy significant (P < 0.01) by X 2 test 

* 

Characterization of Monoclonal Antibodies io sst2. 

Several clones were identified having a positive bind- 
ing by enzyme-linked immunosorbent assay and a par- 
allel immunoreactivity 1 on formalin-fixed paraffin- 
embedded human endocrine tissues (pituitary and pan- 
CTeatic islets). In Western blotting experiments, two 
clones (coded 10C6 and 10G4) specifically developed a 
band at approximately 70 klX When the antibodies were 
used against CBO-iransfecied cells expressing recombi- 
nant somatostatin receptors 1 through 5, a specific band 
corresponding to sst2 (at approximately 70 kD) was re- 
vealed by the monoclonal antibody 10G4. Monoclonal 
anubody 10C6 developed a strong band with ssl2 but 
displayed a weaker reactivity also with sstl, 3, and 5, al 
least in the present experimental conditions (Fig. 4 A3). 
The same antibodies were also tested by means of im- 
rhunoperoxidase staining, on formalin-fixed, paraffin- 
embedded samples of normal human pituitary gland and 
pancreas. Monoclonal antibody 1QG4 gave good results 
io imrouj)obJstochenustry and was used at increasing; di- 
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. FIG. 1. Reverse transcriptase polymerase chain reaction tor chromogranih A (CGA) mRNA 
in 26 samples ol neuroendocrine tumor ot the lung. Numbers in each lane correspond to 
sample numbers in Table 2. CGA mRNA is amplified at 429 bp. C and C* stand tor positive 
(neuroendocrine colon carcinoma cell line, H716) and negative (distilled water) controls, 
iespedively. The las! column to the right represents the molecular weight marker. A!i samples 
are positive wilh a variable intensity ot the amplification band. . 
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FIG 2 Reverse transcriptase polymerase chain reaction for sst2 mRNA in 26 samples of 
neuroendocrine tumor of the lung. Numbers in each lane correspond to sample numbers in 
Table 2 sst2 mRNA is amplified at 284 bp. C and C stand for positive (a neuroblastoma) 
and negative (distilled water) controls, respectively. The last column to the right represents 
the molecular weight marker. Twenty-two of 26 samples are positive with a vanable Intensity 
of the amplification band. . 



luocms (up to 1:15 000) with specific staining. Using thin 
sections (approximately 4 p.rn), a strong membrane- 
bound and peripheral cytoplasmic imrmmoreactivity was 
found in an adenohypophysea) cell population (corre- 
sponding to growth norm one-secreting cells, as con- 
firmed by double immunohistochemical analyses) and in 
pancreatic islets (Fig. 4 C,D). In the latter, the staining 
was apparently not lescricted to a specific hormone- 
producing cell type and had a peripheral cytoplasmic or 
membrane distribution. Exocrine pancreatic cells (both 
acinar and ductal) were only occasionally immuno- 
siained. lirimunohistochermstry performed on serial con- 
trol sections, either omining the* primary, antibody or us- 
ing the preirnmune serum or antibodies preabsorbed with 
the synthetic peptide, was negative in both tissues. 
Monoclonal antibody 10C6 had a relatively higher back- 
ground staining at similar dilutions. 

Inirounohislochemistry " 

The antibodies tosst2 (monoclonal arilibody 10G4 and 
polyclonal K230) gave slightly different imrnunoreac- 
tions in 25 samples, and staining was not done in J 
sample because of lack of residual paraffin blocks. The 
monoclonal antibody 10G4 stained 21 of 25 samples, the 



negative samples being 1 atypical carcinoid and 3 SCCs 
(Fig. 5). The tumors had 5% to 25% of the neoplastic 
cells immunoreactive. The staining was at the periphery 
of the cytoplasm, and omitting the coimterstain its mem- 
brane-bound distribution was better outlined in most 
samples (Fig. 6). One sample of atypical carcinoid <no. 

21) was locally immnnoreactive for sst2, despite nega- 
tive RT-PCR findings. Conversely, sample no. 26 was 
irmnunohistocheiriistry negative and RT-PCR positive. 
The antiserum anti-sst2A (code K230) gave positive sig- 
nal in 19 of 25 samples, in 5% to 60% of the neoplastic 
cell population (Fig. 7). The location of the staining was 
at the membrane level associated with a weak cytoplas- 
mic reactivity. The same pattern was seen in positive 
controls, e.g., pancreatic islets (Fig. 7, inset). Two 
samples (nos. 19 and 26) were negative in spite of a 
positive RT-PCR signal. Two other tumors (nos. 21 and 

22) , apparently devoid of sst2 mRNA, showed a small 
percentage of immunoreactive cells. Incidentally, one of 
these latter samples (no. 2 1 ) was also immunoreactive 
with monoclonal antibody 10G4 (Table 2). 

The five control samples positive 'by RT-PCR were 
also reactive with the antibodies. The type of imrnuno- 
cytocbemical location of sst2 receptees was similar to 
lhat described here, being a peripheral cytoplasmic stain- 
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FiG. 3. Reverse transcriptase polymerase chain reaction for sst2 mRNA in 20 control 
samples of nonneuroendocrine lung carcinoma, five ot 20 samples show a weak band a! 
204 bp corresponding to sst2 mRNA. Controrcolumns (C and C") are identical to those in 
Fig- 2. 
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FIG. 4. Western blot analysis of monoclonal antibody 
clones 10G4 and 10C6 against sst2 in Chinese hamster 
ovary celts transfected with recombinant sst 1 through' 5 
(numbers of esch column correspond to receptor type). 
Monoclonal antibody 10G4 shows a specific band at ap- 
proximately 70 kD for sst2 only (A) as opposed to mono- 
clonal antibody 10C6, which strongly reacts with sst2 but 
also has some degrees of cross- reactivity with sst 1, 3, 
and 5 (B). The lower figures show control formalin-fixed 
paraffin-embedded pancreatic islets immunostained with 
monoclonal antibody 10G4 without {C) and with (D) 
preadsorption with the peptide antigen, respectively. The 
majority of endocrine cells show a membrane- bound im- 
munoreactiviry (C) (immunoperoxidase). Bar: 90 pm. 



ing present in 40% to 70% of neoplastic cells- A weaJc 
and focal staining was also observed in five of the re- 
maining RT-PCR-negative samples, when the antibody 
K230 was used (but not when tbe monoclonal was em- 
ployed). 

Several cells in peiiiumora) tissues were occasionally 
stained. Ciliated cells of bronchial mucosa had a periph- 
eral staining at the cijia border. .Mucous glands were 
joegative. Rare chondrocytes had a membrane stainins 
The wall of periiumora) as well as of occasion aJ distant 
vessels was stained at the endothelium level and in oc- 
casional smooth muscle cells. 

. Toe reactivity of both antibodies was abolished in se- 
rial sections when the reagents were preabsoibed with 
the respective synthetic peptides, bui not when an unre- 
lated pepi ide was used. The peri tumoral bronchial mu- 
cosa had a focal staining of ciliated cells with boLh an- 
tibodies. This jeactrviiy disappeared when the pieab- 
s or bed antibody was applied. 



Li Situ Hybridization 

Eight of 12 samples stained by 1SH were positive for 
sst2 mRNA. The mRNA was present in a percentage of 
cells (ranging from 10% to 40%) and gave a weak signal 
(Fig. 8), despite the amplification provided by the tyra- 
mide-based procedure. The background level was mini-, 
mal using diluted biotinylated tyrarnide. Control sections 
stained with sense probe or an unrelated probe, or omit- 
ting the probe, were consistently negative. 



Clinical Data 



Qinicopathologic data are summarized in Table 2. At 
follow-up, the majority of patients with typical carci- 
noids are free from disease 1 to 1 1 years after surgery. 
Two patients are ative with stable metastatic disease. 
Patients ajJected by atypical carcinoids had disease pro- 
gression in one third of samples. Finally, patients with SCC 
had fatal outcomes within 1 year from diagnosis (except the 
recent sample). Eight patients bad preoperative octreotide 
scintigraphy performed at tbe time of diagnosis. All patients 
had positive octreoscan findings; "and, in these patients, 
also the tumor was positive by RT-PCR and immu- 
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FIG. 5. sample no. 25 (small cell carcinoma). Absence of 
immunoreactivity lor sst2 with the monoclonal 10G4. This 
sample was also negative by reverse transcriptase poly- 
merase chain reaction and in situ hybridization. (Immuno- 
peroxidase in a formalin- fixed pa ratlin-embedded sample. 
NLrclei slightly coonterstained with hernalum.) Bar: 45 prn. 
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nobistochemistry or ISH. Ii) addition, three of these pa- 
tients received octreotide therapy administered at the 
time of rumor recurrence or metastatic spread. Stable 
disease is recorded at follow-up more than 5 years after 
diagnosis. 

Correlations 

Overall, complete overlapping (i.e., RT-PCR, ISH, 
and immunobistochemistry with two antibodies) be- 
tween sst2 gene and protein expression was obtained in 
21 of 25 samples (84%) and between- RT-PCR results 
.^^d-inuiainohisiocber^^ 
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the antibodies in 24 of 25 samples (96%). Tbe roonoclo- 
pal antibody 10G4 looked highly sensitive, being able to 
stain all but one sample (do. 26) (95%) positive for sst2 
mRNA by RT-PCR. Sst2 expression, at mRNA as well 
as at protein levels, was reduced in high grade tumors, 
with SCCs being weakly positive in only two of five 
samples. Decreasing expression of sst2 appears to cor- 




FIG. 6. sample no. 16 (typical carcinoid). Immunohisto- 
chemical deleclion oi sst2 by means ol monoclonal anti- 
body 10G4. The neoplastic cells have a peripheral cyto- 
plasmic staining and membrane positivity in some .cells, 
whereas the peribronchial gland adjacent to the tumor is 
unreacfjve. (Immunoper oxidase in a lot matin- tixed paraf- 
iin-embedded sample. Nuclei slightly counlerstained with 
hemalum.) Bar: 45 pm. The membrane- bound distribution 
ot the immunostaining is better outlined in a parallel sec- 
tion stained tor monoclonal antibody 10G4 omitting 
nuctear counterstain (inset). 




FIG- 7. Same sample as in Fig. 6. Immunohistocbemical 
detection ol sst2 by means of the polyclonal antibody 
K230 The immunostaining is more intense at tbe cell bor- 
der (arrows) as observed with the monoclonal antibody. 
In the inset, a pancreatic islet, used as positive control 
shws a predominant membrane-bound immunostaining ol 
many neuroendocrine cells. (Immunoperoxldase in a for- 
malin-fixed paraffin-embedded sample. Nuclei slightly 
countersiained with hemalum.) Ban 45 pm. 

relate with high tumor grade and elevated proliferative 
activity, but not with other parameters such sex, age, or 
tumor size. 

DISCUSSION 

In this study, the presence of sst2 mRNA has been 
demonstrated in a series of resected neuroendocrine tu- 
mors of the lung by.means of RT-PCR and confirmed by 
a sensitive nonradioactive lyramide-based ISH procedure 
and by immunobistochemisrry with anti-sst2 antibodies. 
Samples of both carcinoid tumors and SCCs were sst2 
positive, although a reduced, or absent signal was ob- 
served in poorly differentiated (small^cll) carcinomas. 
This is the first study of sst2 expression in a relatively 
laree series of neuroendocrine tumors of the lung. Single 
samples of human carcinoids and SCCs (including cell 
lines of ihe latter) had previously been analyzed and 
found to express sst2 (7,1 5,30.32,33.39,42). Several 
methods have been used to detect these receptors and 
partially overlapping results-were obtained. 

hi the present study, the expression of high amounts of 
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TABLE 2. Clinicopathologic data and somatostatin receptor type 2 (sst2) expression in 26 cases of neuroendocrine 

- lung tumors 



Patient 






Size 


Follow-up 


CgA 


CgA 


SYP 


Ki67 


sst2 


sst2IHC 


ss!2 IHC 


no. 


Diagnosis 


Sex/age 


. ■(<??> 


(mo) 


1HC 


RT-PCR 


IHC 


IHC* 


RT-PCR 


Mab(10G4) 


(K230Ab) 


1 


WD NET 


F/35 


- 

35 


NED 90 


+ 




+ F 


15 


+4-4 


4 


4 


2 


WD NET 


F/29 


4 ■ 


NED 45 


+ 


+4 


+ F 


3 


44 


+ 


4 


3 


WD NET 


T/41 


2.5 


NED 70 


+ 


+4 


+ 


0.1 


4+4 


'+ 


4F 


4 


WDNETt 


F25 


4 


NED 21 




-++ 


+ 


2.6 


4+4 


4F 


+ F 


5 


WD NETf 


M/58 


3.8 


NED 23 


+ 


+++ 


4 


13 


4+4 


+ F 


+ 


6 


WD NET 


M/52 


25 


NED 42 


+ 


+-f 


' 4 


- 45 


4+4 


4F . 


+ F 


7 


WD NET 


f/69 


35 


NED 47 


+ 


+4 


4 


1 


+ 


*+ 


■ + 


8 


WD NET 


M/29 


3 


NED 70 




+++ 


4. 


15 


+4+ 


•+ 


+ 


9 . 


WD NET 


M/27 


4 


NED 108 


+ 


+++ 


4 


NT 


+44- 


- 4 


4 


10 


WD NE Cat 


M/66 


:8 


AWD55 




++ 


+ F 


1.1 


44- 


4F . 


4 


11 


WD NETt 


F/29 


2 


A WD 56 


+ 


* 


4 


25 


44+ 


4 


4 


12 


WD NET 


F/32 


3 


NED.26 




+4 


4 


r " 


"4+4> 


4 


4 


13 


WD NE Ca 


M/60 


3 


NED 133 


+ 


+++ 


4 


1 


4+4 


NT 


NT 


14 


WD NET 


M/28 


4 


NED 130 


+ 


++4 . 


4 


1 


++4 


4 


4 


. 15 


WD NET* 


M/41 


1.3 


A WD 53 




44+ 


+ 


15 


++4- 


4 


* 

4 


16 


WD NETt 


F/31 


1 


NED 13 




++ 


+4 


2.6 


4 


4 


4 


17 


WD NET 


F/53 


4 


NED 24 . 


. + 


44 + 


+ F . 


4 


+++ 


4F 


4 


18 


WD NE Ca 


M/62 . 


3 


NED 6 




++ 




13 


+ ++ 


+ 


4 F 


19 


WD NE CA 


F/73 


5 


DOD 20 


+ 


+-++ 


4 


3 


++ 


+ 




20 


sec 


M/57 


6 


DOD12 


+ 


++ 


4 


45 


+ 


+ F 


+ F 


21. 


sec 


M/51 


4.5 


DOD 5 




+ 


+ 


35 




+ F 


+ F 


22 


WD NE Ca 


M/60 


6 


NED 51 


+ 


4+ 


4 


15 






+ 


23 


sec 


F/56 


6 


DOD 11 


-f 


4 


4 


50 








24 


WD NE Ca 


W77 


25 


NED 21 


■ + 


4 


4 


24 


+ 


+ F 


+ F 


25 


sec 


M/57 


5 


DOD 10 


+ 


++ 


44 


80 








26 


sect 


M/68 


.11 


recent case 


+ 


4 


4+ 


71 


4 







AWD, alive with disease; CoA chromogranin A; DOD, died of disease; + F, focal: positive in <5% of cells; IHC; Immunohistochemisiry; 
MaJb, monoclonal antibody; NECa, Neuroendocrine carcinoma; NED, no evidence of disease; NET, neuroendocrine tumor; NT, no! tested; 
RT-PCR. reverse transcriptase polymerase chain reaction; SCC, Small-cell lung carcinoma; SYP, synaptophysin; Wp, well diff erentialeoV 
. * Ki67 IHC; values correspond to percentage of posiliye nuclei of neoplastic cells. 

t Patients who had preoperative octreoscan performed. 

t Patients who had octreoscan performed and octreotide treatment. - ' . 



sst2 raRNA was confirmed in well to moderately differ- 
entiated neuroendocrine tumors, in agreement with the 
results obtained by Reiibi et al (32) by means of radio- 
active 1SH. The presence of sst2 mRNA in SCC had 
never been reported in human specimens, except for two 
samples included in Reubi et al's series (32). Although 
the data on cell lines support the observation that SCCs 
contain sst2 (42), slightly discrepant results were found 
in some of samples described here. Unfortunately, SCCs 
are rarely operated on, and therefore it is difficult to 
collect a large number of surgical -specimens. The live 
samples studied in the current series by means of RT- 
PCR had a low amount (two samples) or absent (three 
samples) sst2 mRNA. This could be the result of the 
extensive necrosis commonly present in such tumor 
types. However, because care was talcen to freeze frag- 
ments thai were.macioscopkally devoid of necrotic ar- 
eas, a more likely hypothesis is that ssi2 expression is 
reduced in poorly differentialed tumors. Recently, Reis- 
inger et al. (29) showed that the uptake of somatostatin 
analogues in patients with SCC undergoing chemo- 
therapy -is 5jgrjifjcani}y lower, and therapeutic external 
factorTinay affect the receptor status of individual ru- 
mors. In addition, the uptake of somatostatin analogues 
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in metastatic deposits of SCC has been shown to be low 
or absent (29,2). The present findings suggest that the 
-sst2 raRNA content is rtjatcd to the degree of tumor 
differentiation. These data must be confirmed in larger 
series of nonjaeuroendocrine tumors to ascertain whether 
the observed loss or decrease of sst2 expression in neu- 
roendocrine tumors is a common, event linked to neo- 
plastic dedifferentiauon. In addition, further studies are 
needed to assess the functionality of such receptors, by 
comparing the profile of sst2 expression in tumor tissues 
with binding assays employing labeled somatostatin and 
with the clinical response to diagnostic and therapeutic 
administration of somatostatin analogues. 

To this "purpose, several investigators have demon- 
strated a correlation between clinical imaging or re- 
sponse to somatostatin analogue treatment, and sst2 
mRNA content in single . samples of carcinoid rumors 
(15,22). Northern blotting and ISH were the techniques 
used for sst2 mRNA identification. This kind of corre- 
lation is useful for selecting patients for somatostatin 
analogue treatment, although the demonstration of recep- 
Tor mRNA in a cell does nor imply per se that the recep- 
tor is fully functional. 

The present study relied on a highly sensitive lech- 
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FIG.- .8* sample no. -14* (typical carcinoid). In -sHtnhybtid-*- 
ization (ISH) tot ss12 mRNA shows a weak cytoplasmatfc 
staining (A) in most lumor cells.. An ISH performed with an 
unrelated probe was negative in a serial section of the 
same tumor (B). This sample was strongly positive by 
reverse transcriptase polymerase chain reaction for sst2 
mRNA and by immunohistochemistry. (Nonradioactive 
ISH revealed by peroxidase and diamtnobenzidine, as 
substrate. Nuclei counterstained with hemalu'm.) Bar: 
75 pm. ' - 



nique, RT-PCR, to identify all samples bearing even 
small amounts of sst2 mRNA. Indeed, in a previous 
study, single samples exhibiting octreotide-binding sites 
had no demonstrable sst2 mRNA by means of ISH, pos- 
sibly due to tbe low sensitivity of the ISH procedure (34). 
The RT-PCR has shown sst2 mRNA transcripts in tbe 
majority of samples here studied. Only four samples 
were negative, all belonging to poorly differentiated high 
grade tumors, which usually follow an aggressive course. 
A decrease of sst2 mRNA expression in association with 
neuroendocrine rumor dedifferentiation had also been re- 
ported in neuroblastomas (37). In tbe above report, as 
we)t as in the current study, samples having an unfavor- 
able prognosis were found to contain a relatively low . 
amount of sst2 mRNA, as compared with well- 
differentiated rumors. 

In tbe current sample series, eight samples were in- 
vestigated before surgery with radiolabeled octreotide. 
Despite the low figures, all the samples positive at the 
diagnostic procedure had a strong RT-PCR signal for 
ssi2 mRNA. Three of eight patients were also responsive 
to octreotide treatment administered at the time of re- 
lapse or metastatic spread. More extensive correlative 
clinicopaihologic smdies on the sst status are needed to 
better define the tissue distribution, of somatostatin bind- 
ing sites and their potential clinical role in the rjeatment 
of patients. 

Sst2 evaluation. by means of ISH (14,32) or RT-PCR 
(26,37) is a highly sensitive and reliable procedure. Un- 
fortunately, these techniques have Jim nations because 
frozen tissue is needed for some of ihern, and radioactive — 
roaiejial oi costly and lime- consuming methods aie nec- 



essary for others. Inrniurjohistocbemical analysis of sst2 
by means of specific antibodies represents an ideal, 
cheap, and rapid alternative, easily applicable to archival 
. material. For these reasons* several investigators have 
raised polyclonal antibodies specific for sst (8,10,1 5,I7> 
18). In tbe current study, tested tumor fragments adjacent 
to those snap frozen for RT-PCR analysis were tested 
with a polyclonal antibody against a C-tenninaJ portion 
of the sst2A splice variant (35,36). In addition,. a mono^ 
clonal antibody was produced in the Department of Pa- 
thology (University of Turin) against an N-taininal se- 
quence of the human sst2. This antibody was the first 
monoclo n al devel oped against sst2 and was. shown to be 



highly specific for sst2 in Western blot and immunobis- 
tocbemical analysis. Both the monoclonal and tbe poly- 
clonal antibodies specifically reacted with all. samples 
also positive by RT-PCR (with minor discrepancies in 
two samples, likely due to tumor heterogeneity). The 
observed correlation between RT-PCR and immunobis- 
tocbemistry indicates thai the latter may be a reliable 
diagnostic tool and may allow immunobistocbernical in- 
vestigation for ssl2 even in small biopsy samples. This in 
turn may enable a rapid screening of sst2-posrrjve rumors 
for medical treatment with somatostatin analogues. 

Having confirmed in a relatively large series that the 
vast majority of neuroendocrine tumors of the lung con- 
tain variable amounts of ssi2 mRNA, a final comment is 
deserved for sst2 expression* in nonneuroendocrine lung 
carcinomas. No data have been reported thus far in tbe 
literature concerning normal human lung, although in the 
present study some bronchial cells of pent urn oral paren- 
chyma were positive for sst2 when imrounohistocbemi- 
cal analysis was performed with either antibody. Tbe 
staining was specific because it was abolished using pre- 
absorbed antibodies. Therefore, it is likely that normal 
human lung tissue contains sst2/ This might be con- 
fumed by alternative techniques (e.g.," Western blot, RT- 
PCR). However, in situ morphologic procedures, such as 
those employed here, have definite advantages. In fact, 
tbe lung is rich in vessels, and in several tissues (either in. 
tumoral or in inflarjimatory-reactive conditions) tbe ves-, 
sels were recently shown to contain sst (6). 

A low expression of sst2 was found in 25% of lung 
carcinomas of nonneuroendocrine type investigated in 
the present study by means of RT-PCR. Therefore, sst 
type 2, at lea sf, does not appear to be extensively ex- 
pressed in nonneuroendocrine carcinomas of tbe lung. 
However, because two tumors in the control group (a 
squamous carcinoma and an adenocarcinoma, respec- 
tively) had positive octreotide scintigraphy, but no sst2 
mRNA, if is plausible that a heterogeneous disuibution 
of sst occurs in nonneuroendocrioe lung rumors. Other 
receptor types may be expressed in diese rumors arid may 
be lesponsible for the positive results in diagnostic test- 
ing Because sst5. is also known to bind somatostatin 



56 



M PAPOTTJ ETAL 



analogues, such as octreotide, with high affinity (24), the 
expression of this receptor type will be investigated in 
forure studies. O 
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Expression of somatostatin receptor types 1-5 in 81 cases of 
gastrointestinal and pancreatic endocriue tumors. A correlative 
inimunohistochemical and revcrse-transcriptase polymerase chain 
reaction analysis. 

Fapotti M, Bongiovanni ML Volante M , AlliaE, Landolfi S , Helboe L , Schindler M , 
ColeSL, Bussolari G . 

Department of Biomedical Sciences and Oncology, University of Turin, Via Santena 7, 
10126 Turin, Italy. mauro.papotti@unito,it 

Somatostatin receptors (SSTRs) have been extensively mapped in human rumors by 
means of autoradiography, reverse-transcriptase polymerase chain reaction (RT-PCR), in 
situ hybridization (IS H) and immunohiistochemistry (IHC), We analyzed the SSTR type - 
1-5 expression by means ofRT-PCR and/or IHC in a series, of 81 functioning and non- . 
functioning gastroenteropancreatic (GEP) endocrine tumors and related normal tissues. 
Moreover, we compared the results with clinical, pathological and hormonal features. 
Forty-six cases (13 intestinal and 33 pancreatic) were studied for SSTR 1-5 expression 
using RT-PCR, IHC with antibodies to SSTR types 2, 3, 5 and 1SH for SSTR2 rnRNA. 
The vast majority of rumors expressed SSTR types 1 , 2, 3 and 5, while SSTR4 was 
detected in a small minority. Due to the good correlation between RT-PCR and IHC data 
on SSTR types 2, 3, and 5, thirty-five additional GEP endocrine tumors were studied with 
IHC alone. Pancreatic insulinomas had an heterogeneous SSTR expression, while 100% 
of sornatostatinomas expressed SSTR5 and 100% gastrinomas and glucagonomas 
expressed SSTR2. Pre-operative biopsy material showed an overlapping 
immunoreactivtty with that of surgical specimens, suggesting that the SSTR status can be 
detected in the diagnostic work-up. It is concluded that SSTRs 1-5 are heterogeneously 
expressed in GEP endocrine tumors and that IHC is a reliable tool to detect SSTR types 
2, 3 and 5 in surgical and biopsy specimens; 
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P-cadherin ovei expression is an indicator of clinical outcome in invasive 
breast carcinomas and is associated with CDH3 promoter 
hyponietliylation. 

Pa redes J, Albergaria A, Oliveira JT . Jcronimo C Milanczi F , Schmitt PC . 

Institute of Pathology and Molecular Immunology of Porto Lfniversity (IPATIMUP), 
Braga, Portugal, jparedes@ipatimup.pt 

PURPOSE: P-cadherin overexpression has been reported in breast carcinomas, where it 
was associated with proliferative high-grade histological tumors. This study aimed to 
analyze P-cadherin expression in invasive breast cancer and to correlate it with tumor 
markers, pathologic features, and patient survival Another purpose was to evaluate the P- 
cadherin promoter methytation pattern as the molecular mechanism underlying this gene 
regulation. EXPERIMENTAL DESIGN: Using a series of invasive breast carcinomas, P- 
cadherin expression was evaluated and correlated with histologic grade, estrogen 
receptor, MIB-1, and p53 and c-erbB-2 expression. In order to assess whether P-cadherin 
expression was associated with changes in CDH3 promoter methytation, we studied the 
methylation status of a gene 5*-flanking region in these same carcinomas. This analysis 
was also done for normal tissue and for a breast cancer cell line treated with a 
demethylattng agent. RESULTS: P-cadherin expression showed a strong correlation with 
high histologic grade, increased proliferation, c-erbB-2 and p53 expression, lack of 
estrogen receptor, and poor patient survival. This overexpression can be regulated by 
gene promoter methylation because the S-Aza^'-deoxycytidine treatment of MCF-7/AZ 
cells increased P-cadherin mRNA and protein levels. Additionally, we found that 71% of 
P-cadherin-negative cases showed promoter methylation, whereas 65% of positive ones 
were unmethylated (P = 0X)05). The normal P-cadherin-negative breast epithelial cells 
showed consistent CDH3 promoter methylation. CONCLUSIONS: P-cadherin expression 
was strongly associated with tumor aggressiveness, being a good indicator of clinical 
outcome. Moreover, the aberrant expression of P-cadherin in breast cancer might be 
regulated by gene promoter hypomethylation. 
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Mammary-derived growth inhibitor protciu and messenger ribonucleic 
acid concentrations in different physiological states of the gland. 

Politts 1, Gorcwit RC Muller T, Grossc R . 

Department of Animal Science, Cornell University, Ithaca 14853, 

Expression of mammary-derived growth inhibitor in tissue from lactating and involuting 
bovine mammary glands was investigated. Seventeen lactating, pregnant (220 to 272 d in 
gestation) cows were divided in two groups of 8 and 9 cows each. Cows of the first group 
were slaughtered while in lactation. Cows of the second group (9 involuting cows) were 
slaughtered at 13 to 52 d following sudden cessation of milking. High concentrations of 
mammary-derived growth inhibitor (.63% of the total protein) were detected in mammary 
tissue of lactating cows. Mammary-derived growth inhibitor (less than .10% of the total 
protein) was dramatically reduced during most of the involution period (1 3 to 45 d 
following cessation of milking). Mammary-derived growth inhibitor was again detected 
(.28% of the total protein) during the last stage of the involution (46 to 53 d after 
cessation of milking), which coincided with colostrum formation. When steady state 
concentrations of mammary-derived growth inhibitor mRNA were examined, the results 
obtained mirrored those obtained at the protein concentration. These data suggest that 
regulation of mammary-derived growth inhibitor occurs via modulation of the steady 
state concentration of its mRNA. Furthermore, there is a strong correlation between 
mammary-derived growth inhibitor expression and lactation in dairy cows. 
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T-cell receptor V beta-family usage in primary cutaneous and primary 
nodal T-cell non-Hodgkin's lymphomas. 

Prcesman AH, Hu HZ, TUanus MG, de Geus B Schuitrman HJ ReijgmgJR v.n 
Wtchen DF , van Vloten WA. de Weger RA 

Department of Pathology, University Hospital Utrecht, The Netherlands. 

To evaluate whether the expression of T-cell receptor (TCR) V beta families in eight 
cases of malignant T-cell lymphomas took place in a preferential manner, we analyzed 
four cases of mycosis fungoides (MF), the most common form of primary cutaneous T- 
cell non-Hodgkin's lymphomas (NHL), and four cases of primary nodal T-cell NHL. The 
usage of V beta families in T-cell populations was investigated on mRNA that was 
transcribed to cDNA using a C beta primer and reverse transcriptase. Subsequently, the 
specific usage of the families was analyzed by polymerase chain reaction (PCR) using 
combinations of the selected C beta-oligonucleotide primer and one of the family-specific 
V beta primers. Peripheral blood lymphocytes from four healthy volunteers and I 
"reactive" lymph node served as a control and expressed all 20 V beta families tested for. 
In T-cell lines, with restricted V beta expression, and in three patients with advanced MF, 
only one or two V beta families were expressed at the mRNA level. In an early MF lesion 
this monoclonal expression was absent several V beta families were expressed with a 
weak intensity, This may indicate either a polyclonal origin of MF, or that too few 
monoclonal neoplastic cells were present in the tissue specimen. In the four nodal T-cell 
NHL, only one family could be clearly distinguished, whereas some of the other V beta 
families showed only a weak expression, these latter families represent the reactive T- 
cell component in the nodal T-cell NHL. Both in nodal T-cell NHL and in MF there was 
no preferential expression of a particular V beta family. There was a good correlation 
between PCR data and the expression of V beta-family protein products observed by 
irnmunohistodiemistry on tissue sections of the T-cell lymphomas. All T-cell lines, three 
cases of MF, and three cases of nodal T-cell NHL showed a rearrangement of the TCR 
beta chain on DNA level. 
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Matrilin-3 m human articular cartilage: increased expression in 
osteoarthritis. 

P"»jg Q , Wcseloh G . Klatt AR , Wageaer R . Swoboda B ; 

Division of Orthopaedic Rheumatology, Department of Orthopaedics, University of 
Erlangen-Nuremberg, Rathsberger Str. 57, D-91054 Erlangen, Germany. 
oliver.pullig@med.uni-erlangen.de 

OBJECTIVE; Matrilin-3 is a member of the recently described matrilin family of 
extracellular matrix proteins containing von Willebrand factor A-like domains. The 
matrilin-3 subunit can form homo-tetramers as well as hetero-otigomers together with 
subunits of matrilin- 1 (cartilage matrix protein). It has a restricted tissue distribution and 
is strongly expressed in growing skeletal tissues. Detailed information on expression and 
distribution of extracellular matrix proteins is important to understand cartilage function 

. in health and in disease like osteoarthritis (OA). METHODS: Normal and osteoarthritic 
cartilage were systematically analysed for matrilin-3 expression, using 
irnmunohistochemistry, Western blot analysis, in situ hybridization, and quantitative 
PCR. RESULTS: Our results indicate that matrilin-3 is a mandatory component of 
mature articular cartilage with its expression being restricted to chondrocytes from the 
tangential zone and the upper middle cartilage zone. Osteoarthritic cartilage samples with 
only moderate morphological osteoarthritic degenerations have elevated levels of 
matrilin-3 mRNA. In parallel, we found an increased deposition of matrilin-3 protein in 
the cartilage matrix. Matrilin-3 staining was diffusely distributed in the cartilage matrix, 
with no cellular staining being detectable. In cartilage samples with minor osteoartliritic 
lesions, matrilin-3 deposition was restricted to the middle zone and to the upper deep 
zone. A strong correlation was found between enhanced matrilin-3 gene and protein 
expression and the extent of tissue damage. Sections with severe osteoarthritic 
degeneration showed the highest amount of matrilin-3 mRNA, strong signals in in situ 
hybridization, and prominent protein deposition in the middle and deep cartilage zone. 

. CONCLUSION: We conclude that matrilin-3 is an integral component of human articular 
cartilage matrix and that the enhanced expression of matrilin-3 in OA may be a cellular 
response to the modified microenvironment in the disease. Copyright 2002 Osteo Arthritis 
Research Society International. 
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Up-regulation of mitochondrial peripheral benzodiazepine receptor 
expressioa by tumor necrosis factor alpha in testicular leydig cells. 
Possible involvement in cell survival. 

Rey C , Mauduit C . Naureils O . Benahmcd M Louisot P , Gasnier F . 

[NSERM U. 189, Faculte de Medecme.Lyon-Sud, BP12, 69921 cedex, Oulltns, France. 

Porcine Leydig cells in primary cultures are resistant to tumor necrosis factor alpha 
(TNFalpha) cytotoxicity. Here we report that these cells can be rendered sensitive to 
TNFalpha killing by treatment with the translational inhibitor cyclohexirnide, suggesting 
the existence of proteins that can suppress the death stimulus induced by the cytokine. In 
search of these cytoprotective proteins, we focused on the constituents of the 
mitochondrial permeability transition pore (PT pore), whose opening has been shown to 
play a critical role in the TNFalpha-mediated death pathway. We found that TNFalpha 
up-regulated mRNA and protein expression of the mitochondrial peripheral 
benzodiazepine receptor (PBR), an outer membrane-derived constituent of the pore. A 
strong correlation was established between the resistance of the cells to TNFalpha killing 
and the density of PBR-binding sites. Concomitantly, TNFalpha down-regulated Bcl-2 
mRNA and protein expression. As Bcl-2 has been shown to be an endogenous inhibitor 
of the PT pore, we hypothesize that the TNFalpha-induced up-regulation of PBR 
expression may compensate for the decrease in Bcl-2 levels to prevent the opening of the 
PT pore. 
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GLUTl messenger RNA and protein induction relates to the maliguaat 
transformation of cervical cancer. 

Rudlowski C , Becker AJ , Schroder W , Rath W . Partner R , Moser M . 

Dept of Gynecology and Obstetrics, University Hospital Heidelberg, Vossstr 7-9, D- 
69115 Heidelberg, Germany. 

We studied whether induction of glucose transporters (GLUTs) I to 4 correlates with 
human papillomavirus (HP V)-dependent malignant transformation of cervical epithelium. 
Tissue samples of cervical intraepithelial neoplasia (CIN; grades 1 to 3), invasive 
carcinomas, and lymph node metastasis were examined. HPV typing was performed. 
Tissue sections were immunostained with GLUT1 to GLUT4 antibodies. Messenger 
RNA (mRNA) in situ hybridization confirmed GLUT I protein expression. Weak 
expression of GLUT I was found in nondysplastic HPV-positive and HPV-negative 
epithelium; significant expression was observed in preneoplastic lesions, correlating with 
the degree of dysplasia. In CIN 3 high-risk HPV lesions, cervical cancer, and metastasis, 
GLUT! was expressed at highest levels with a strong correlation of GLUT1 mRNA and 
protein expression. Imrriunostains for GLUT2 to GLUT4 were negative. Cervical tumor 
cells respond to enhanced glucose utilization by up-regulation of GLUTl. The strong 
induction of GLUTl mRNA and protein in HPV-positive CIN 3 lesions suggests GLUTl 
overexpression as an early event in cervical neoplasia. GLUTl is potentially relevant as a 
diagnostic tool and glucose metabolism as a therapeutic target in cervical cancer. 
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Expression and distribution of laminiu alpha I and alpha2 chains in 
embryonic and adult mouse tissues: an immunochemical approach. 

SasakTT, GtffciyJR, TaJtsJJ, TimpliL Talts_JF. 

Max r Planck-lnstitute for Biochemistry, Martinsried, D-82152, Germany. 

Protein levels, mRNA expression, and localization of laminin aiphal and alpha2 chains in 
development and in adult mice were examined. Recombinant fragments were used to 
obtain high-ti ter-specific polyclonal antibodies for establishing quantitative 
radioimmuno-inhibition assays; This often demonstrated an abundance of alpha2 chain, 
but also distinct amounts of alpha I chain for adult tissues. The highest amounts of aiphal 
were found in placenta, kidney, testis, and liver and exceeded those of alpha2. All other 
tissue extracts showed a higher content of alpha2, which was particularly high in heart 
and muscle when compared to aiphal. Content of gammal chain, shared by most 
laminins, was also analyzed. This demonstrated gammal chain levels being equal to or 
. moderately exceeding the sum of aiphal and alpha2 chains, indicating that these isoforms 
represent the major known laminin isoforms inmost adult mouse tissues so far examined. 
Moreover, we found good correlation between radioimmuno-inhibition data and mRNA 
levels of adult tissues as measured by quantitative real-time reverse transcriptase-PCR. 
Embryonic tissues were also analyzed by radioimmuno-inhibition assays. This 
demonstrated for day 1 1 embryos comparable amounts of alpha! and gammal and a 
more than 25-fold lower content of alpha2. This content increased to about 10% of 
aiphal in day 13 embryos. The day 18 embryo showed in heart, kidney, and liver, but not 
yet in brain and lung, alphal/alpha2 chain ratios comparable to those in adult tissues. 
Immunostaining demonstrated alpha 1 in Reichert's membrane (day 7. 5), while alpha2 
could not be detected before day 1 1 .5. These data were compared with 
irnmunohistochemical localization results on several more embryonic and adult tissue 
sections. Our results regarding localization are consistent with those of earlier work with 
some notable exceptions. This was in part due to epitope masking for monoclonal 
antibodies commonly used in previous studies in esophagus, intestine, stomach, liver, 
kidney, and spleen. 



PMfD: 1 1969289 [PubMed 



- indexed for MEDLINE] 



S9 ^— L ffi S' ?S!! 4Jil[ ! ! 8;279(25):2658 1 -7. Epub 2004 Apr 6. Related Articles, Links 



Discordant regulation of granzyrae H and granzymc B expression in 
human lymphocytes. 

Sedehes KA t Sayers TJ , Edwards KM . Chen W. PcHicci DG , Godfrey PL Trapani 

JA. . ' 



Cancer Immunology Laboratory, Peter MacCallum Cancer Centre, Locked Bag 1, 
A'Beckett Street, East Melbourne, 8006, Australia. 

We analyzed the expression of granzyme H in human blood leukocytes, using a novel 
monoclonal antibody raised against recombinant granzyme H. 33-kDa granzyme H was 
easily detected in unfractionated peripheral blood mononuclear cells, due to its high 
constitutive expression in CD3(-)CD56(+) natural killer (NK) cells, whereas granzyme B 
was less abundant. The NK lymphoma cell lines, YT and Lopez, also expressed high 
granzyme H levels. Unstimulated CD4{+) and particularly CD8(+) T cells expressed far 
lower levels of granzyme H than NK cells, and various agents that classically induce T * 
cell activation, proliferation, and enhanced granzyme B expression failed to induce 
granzyme H expression in T cells. Also, granzyme H was not detected in NK T cells, 
monocytes, or neutrophils. There was a good correlation between mRNA and protein 
expression in cells that synthesize both granzymes B and H, suggesting that gzmH gene 
transcription is regulated similarly to gzmB. Overall, our data indicate that although the 
gzmB and gzmH genes are tightly linked, expression of the proteins is quite discordant in 
T and NK cells. The finding that granzyme H is frequently more abundant than granzyme - 
B in NK cells is consistent with a role for granzyme H in complementing the pro- 
apoptotic function of granzyme B in human NK cells. 
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BCL2 protein expression parallels its mRNA level in normal and 
malignant B cells. 

Slien \\ Iqbal J , Huang JZ Zhou G , Chan WC 

Department of Pathology and Microbiology, University of Nebraska Medical Center, 
Omaha, USA. 

The regulation of B-cel I lymphoma 2 (BCL2) protein expression in germinal center (GC) 
B cells has been controversial. Previous reports have indicated posttranscriptional 
regulation plays a dominant role. However, a number of recent studies contradicted these 
reports. Using real-time polymerase chain reaction (PCR) and Standardized Reverse 
Transcriptase-PCR (StaRT-PCR), we measured the level of mRNA expression in GC, 
mantle zone (MNZ), and marginal zone (MGZ) cells from laser capture microdissection. 
Both quantitative RT-PCR measurements of microdissected GC cells from tonsils 
showed that GC cells had low expression of BCL2 transcripts commensurate with the 
low protein expression level. These results are in agreement with micro array studies on 
fluorescence-activated cell sorter (FACS)-sorted cells and microdissected GC cells. We 
also examined BCL2 mRNA and protein expression on a series of 30 cases of diffuse 
large B-cell lymphoma (DLBCL) and found, in general, a good correlation. The results 
suggested that BCL2 protein expression is regulated at the transcriptional level in normal 
B cells and in the neoplastic cells in most B-cell lymphoproliferative disorders. 
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Quantitative determinations of the steady state transcript levels of 
hexokinase isozymes and glucose transporter isoforms in normal rat 
tissues and the malignant tumor cell line AH130. 

S.hinohara Y, Yamamoto IC InooK, Yamazaki N. Terada H . 

Faculty of Pharmaceutical Sciences, University of Tokushima, Japan. 
yasuo@ph.tokushima-u.ac.jp 

The steady state transcript levels of the four hexokinase (HK) isozymes and four glucose 
transporter (GLUT) isoforms were determined quantitatively by Northern analysis of 
RNA samples from rat tissues using synthetic fragments of the RNAs encoding the HK 
isozymes and GLUT isoforms. Results showed that the levels of HK. isozyme transcripts 
were low in rat tissues, the level of that most highly expressed, the type I isozyme (HKI), 
in the brain being 0.025% of the total poly(A)+- RNA. A good correlation was found 
between the reported HK activities and the total amounts o f transcripts encoding all HK 
isozymes in various tissues, showing that the HK activities in tissues can be estimated 
from the total amount of transcripts encoding HK isozymes. The proposed associated 
expressions of HK isozymes and GLUT isoforms in particular tissues were confirmed at 
their transcript levels. The steady state transcript levels of type U HK and the type 1 
GLUT isoform in the malignant tumor cell line AH 1 30 were also determined 
quantitatively. 

PMID: 9459591 [PubMed - indexed for MEDLINE] 
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UVA irradiation-induced activation of activator protem-1 is correlated 
with induced expression of AP-l family members in the human 
keratinocyte cell line HaCaT. 

Silvers AL . Bowden GT . 

Department of Radiation Oncology, Arizona Cancer Center, The University of Arizona, 
Tucson 85724, USA. 

To determine whether the transcription factor activator protein- 1 (AP-l) could be 
modulated by ultraviolet A (UVA) exposure, we examined AP-l DNA-binding activity 
and transactivation after exposure to UVA in the human immortalized keratinocyte cell 
line HaCaT. Maximal AP-l transactivation was observed with 250 kJ/m2 UVA between 
3 and 4 h after irradiation. DNA binding of AP- 1 to the target 1 2-0- 
tetradecanoylphorbol-13-acetate response element sequence was maximally induced 1-3 
h after irradiation. Both de novo transcription and translation contributed to the UVA- 
induced AP-I DNA binding. c-Fos was implicated as a primary component of the AP-l 
DNA-binding complex. Other components of the complex included Fra-2, c-Jun, JunB 
and JunD. UVA irradiation induced protein expression of c-Fos, c-Jun, Fra-1 and Fra-2. 
Phosphorylated forms of these induced proteins were determined at specific time points. 
A strong correlation existed between UVA-induced AP-l activity and accumulation of c- 
Fos, c-Jun and Fra-1 proteins. UVA irradiation also induced c-fos and c-jun mRNA 
expression and transcriptional activation of the c-fos gene promoter These results 
demonstrate that UVA irradiation activates AP-l and that c-fos induction may play a 
critical role in the response of these human keratinocytes to UVA irradiation. 

PMID: 1 1950097 [PubMed - indexed for MEDLINE] 



428: Am J" Physiol. 1994 Oct;267(4 Pt 2VF546-S7 Related Articles. Links 




Rat kiducy glutamyl araiaopcptidase (aminopeptidase A): molecular 
identity and cellular localization. 

Son g L » XcM, Troyanovskav a M Wilk E . WUkS, Healy DP . 

Departmeat of Pharmacology, Mount Sinai School of Medicine, City University of New 
York, New York 10029. 

Glutamyl aminopeptidase [aminopeptidase A (EAP), EC 3.4. 1 1 .7] is an ectoenzyme that 
selectively hydrolyzes acidic amino acid residues from the amino terminus of 
oligopeptides. EAP activity is highest within the kidney and small intestine. The murine 
pre-B ! cell BP-1/6C3 and the human kidney glycoprotein gpl60 differentiation antigens 
have been reported to have biochemical properties indistinguishable from EAP. ft is not 
known, however, if rat kidney EAP is a homologue of these antigens or molecularly 
distinct. Using the reverse transcription-polymerase chain reaction method with 
oligonucleotide primers based on the BP-1/6C3 nucleotide sequence, we isolated a 4S0- 
bp partial cDNA from rat kidney poly(A)+ RNA. The partial cDNA encoded a predicted 
protein that was 92% and 86% identical to the murine BP-1/6C3 and human gpl60 
antigens, respectively, the amino acid sequence within the zinc-binding domain was 
completely conserved. Purification of EAP from rat kidney and microsequence analysis 
of a tryptic digest peptide fragment ( 1 8-mer) indicated that the fragment was highly 
similar to a region within the BP-1/6C3 and gpl60 proteins. Northern blot hybridization 
and immunoblot analyses were also consistent with labeling of products the same size as 
reported for the BP-1/6C3 and gpl60 antigens. There was a good correlation between the 
cellular distribution of EAP mRNA and EAP immundreacti vity, with proximal tubules 
and glomerular mesangial cells having the highest densities. These results indicate that 
rat kidney EAP is a species homologue of the murine BP- 1/6C3 and human gp 160 
antigens. Furthermore, on the basis of its cellular localization, rat kidney EAP is likely to 
be involved in degradation of oligopeptides within the glomerulus and the glomerular 
filtrate. Since cells that express EAP also express receptors for angiotensin II, an 
intrarenal vasoactive hormone that is a substrate for EAP, these results further suggest 
that EAP may play a role in modulating the activity of intrarenal angiotensin [[. 



PMID: 7943354 [PubMed - indexed for MEDLINE] 



1 



.29 i; J Interferon Cytokine Res. 1998. Dec; 1 8(1 2): 1039-44. Related Articles. Links 

Tumor necrosis factor-alpha uprcgulatcs the prostaglandin E2 EPl 
receptor subtype and the cyclooxygcuasc-2 isoforna in cultured amnion 
WISH cells: 

Spaziani EP , Ocnoit RR , Tsibris JC , Gould SF , O'Brien WF . 

University of South Florida Health Science Center, Department of Obstetrics 8c 
Gynecology, Tampa 33612, USA. espazian@coml.nied.usfedu 

Recent studies have demonstrated a strong correlation between infection and preterm 
labor. Preterm delivery is also associated with high levels of cytokines and prostaglandins 
in amniotic fluid. The purpose of this study was to investigate the effect of tumor necrosis 
factor-alpha (TNF-alpha) on the levels of cyclooxygenase, prostaglandin E2 production 
(PGE2), and expression of the PGE2 receptor subtype EP 1 in amnion WISH cell culture. 
Amnion WISH cell cultures were incubated in increasing concentrations of TNF-alpha 
(0-50 ng/ml). Changes in cyclooxygenase and EPl receptor proteins were evaluated by 
Western blot analysis. Changes in EPl mRNA were evaluated by Northern blot, and 
culture fluid concentrations of PGE2 were estimated by enzyme immunoassay (ELA). 
-EP l protein (p<0.0 1 ), EP 1 mRNA (p<0.05), cyclooxygenase-2 (COX-2) protein 
(p<0.001), and PGE2 concentrations (p<0.0l) all increased with increasing 
concentrations of TNF-alpha. Changes in COX- 1 protein were notobserved following 
TNF-alpha-incubation. The results suggest that TNF-alpha may play a role in infection- 
induced preterm labor by its pleiotropic ability to simultaneously stimulate COX-2 
activity, PGE2 concentrations, and PGE2 EP 1 receptor levels in human amnion. 
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Transcriptional activity of potent glucocorticoids: relevance of 
glucocorticoid receptor isoforms and drug metabolites. 

Spika t, Hammer S. Kleuser B , Korting HC . Schafer-Kortuiff M. 

Institut for Pharmazie, Abteilung fur Pharmakologie und Toxikologie, Freie Universitat 
Berlin, Berlin, Germany. 

As compared to standard glucocorticoids (GC), prednicarbate (PC) is favorable in the 
treatment of eczema due to its high benefit/risk ratio. The remarkable anti-inflammatory 
effects of PC are in strong contrast to its reported low glucocorticoid receptor (GR) 
binding affinity. In transfected COS-7 cells we related the transcriptional potencies of 
PQ its metabolites and conventional GC to their receptor binding properties. Moreover, 
the expression pattern of the human GR isoform hGRalpha and its mutual dominant 
negative inhibitor hGRbeta in skin cells have been investigated as well as the influence of 
hGRbeta on receptor binding and transactivation. hGRalpha mRNA and protein was 
largely overexpressed in skin cells. hGRbeta showed no influence on hGRalpha binding 
and transactivatton. Concentration response curves indicated the greater transactivation 
potency of betamethasone 17- valerate followed by dexamethasone and prednisolone 17- 
ethylcarbonate. Native PC appeared almost as potent as dexamethasone. With both a 
strong correlation was observed between transactivation and GR binding. Copyright 2003 
S. fCarger AG, Basel 
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Specific inhibition of AQP1 water channels in isolated rat intrahepatic bile 
duct units by small interfering RNAs. 

Splinter PL , IVf asyuk AI , LaRusso NF . 

Center for Basic Research in Digestive Diseases, Division of Gastroenterology and 
Hematology, Mayo Medical School, Clinic, and Foundation, Rochester, Minnesota 55905 
USA. 

Cholangiocytes express water channels (i.e. aquaporins (AQPs)), proteins that are 
increasingly recognized as important in water transport by biliary epitheha. However, 
direct functional studies demonstrating AQP-mediated water transport in cholangiocytes 
are limited, in part because of the lack of specific AQP inhibitors. To address this issue, 
we designed, synthesized, and utilized small interfering RNAs (siRNAs) selective for 
AQP I and investigated their effectiveness in altering AQP I -mediated water transport in 
intrahepatic bile duct units (IBDUs) isolated from rat liver. Twenty- four hours after 
transfection of flBDUs with siRNAs targeting two different regions of the AQP 1 
transcript, both AQP I mRNA and protein expression were inhibited by 76.6-92.0 and 
57.9-79.4%, respectively. siRNAs containing the same percent of base pairs as the 
AQP 1 -siRNAs but in random sequence (i.e. scrambled siRNAs) had no effect. 
Suppression of AQP I expression in cholangiocytes resulted in a decrease in water 
transport by IBDUs in response to both an inward osmotic gradient (200 mosm) or a 
secretory agonist (forskolin), the osmotic water permeability coefficient (P(f)) decreasing 
up to 58.8% and net water secretion (J(v)) decreasing up to 87%. A strong correlation 
between AQPt protein expression and water transport in IBDUs transfected with AQP 1- 
siRNAs was consistent with the decrease in water transport by IBDUs resulting from 
AQP1 gene silencing by AQP 1 -siRNAs. This study is the first to demonstrate the 
feasibility of utilizing siRNAs to specifically reduce the expression of AQPs in epithelial 
cells and provides direct evidence of the contribution of AQP 1 to water transport by 
biliary epithelia. 
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Type IV collagcnase (M(r) 72,000) expression in human prostate: benign and 
malignant tissue. 

Stearns ME . Wan g lVf . 

Department of Pathology, Medical College of Pennsylvania, Philadelphia 19129. 

The expression of type IV collagenase (M(r) 72,000) has been examined in tissues from patients 
with benign prostatic hyperplasia (6 patients) and varying Gleason grades of malignant prostate 
cancer ( 1 8 patients). Immunoperoxidase labeling indicated that expression of the type IV 
collagcnase was weak or nonexistent in benign tissue but consistently strong in the glandular and 
ductal epithelial cells of prostate tumors diagnosed at Gleason grades 1-8. In moderate to 
advanced cancer (i.e., Gleason grades 2 to 8), invasive tumor foci in the stromal tissue produced 
relatively modest amounts of type IV collagenase. The normal stromal tissue (i.e., fibroblasts) 
uniformly failed to produce detectable levels of type IV collagenase in the 24 patients examined. 
Northern and quantitative slot blot hybridization assays demonstrated that collagenase type IV 
mRNA levels were low in benign tissue and high in malignant tumors. In contrast, the stromal 
cells did not express significant amounts of type IV collagenase mRNA. Enzyme-linked 
immunosorbent assays demonstrated that the amounts' of type IV collagenase protein correlated 
directly with the mRNA levels in the tumor tissue. Hie studies suggest that type TV collagenase 
may be selectively overexpressed by malignant, preinvasive prostatic epithelial cells. 
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The decompensated detrusor III: impact of bladder outlet obstruction on 
sarcoplasmic endoplasmic reticulum protein and gene expression. 

Stein R , Gong C, Hutcheson JC . Canning DA . Zderic S A . 

Division of Urology, Children's Hospital of Philadelphia, Philadelphia, Pennsylvania 
USA. 

PURPOSE: Regulation of calcium ion homeostasis has a significant role in smooth 
muscle contractility. The sarcoplasmic endoplasmic reticulum, calcium^ magnesium, 
adenosine triphosphatase (SERCA) is a regulatory ion pump that may have a role in the 
functional outcome after outlet obstruction. We investigate what correlation if any existed 
between SERCA protein and gene expression, and the contractile properties in the same 
bladder. MATERIALS AND METHODS: Standardized partial bladder outlet 
obstructions were created in adult New Zealand white rabbits, which were divided into 
control, sham operated and obstructed groups. Muscle strip studies subcategorized the 
obstructed group into compensated (force greater than 50% of control) and 
decompensated (force less than 50% of control). Microsomal membrane and total RNA 
fractions were prepared frond the same bladder tissue. Membrane proteins were used for 
Western blot analysis using a SERCA specific monoclonal antibody, and total RNA was 
assessed with Northern blot analysis. RESULTS: The relative intensities of signals for 
the Western and Northern blots demonstrated a strong correlation between protein and 
gene expression. Furmennore there was a strong association between the loss of SERCA 
messenger RNA and protein expression and loss of bladder function. CONCLUSIONS: 
Bladder contractility after outlet obstruction is influenced in part by smooth muscle cell 
ability to maintain calcium homeostasis via SERCA. The loss of SERCA protein 
expression is mediated by down-regulation in gene expression in the same bladder. These 
data suggest that smooth muscle ion pump gene expression is in part mechanically 
(pressure work) regulated. 
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TNF-alpha and IL-8 arc uprcgulated in the epidermis of normal human 
skin after UVB exposure: correlation with neutrophil accumulation and E- 
selectin expression! 

Strickland L Rhodes LE , Flanagan BF, Friedmann PS . 

Department of Dermatology, University of Liverpool, United Kingdom. 

The in vivo response to ultraviolet B (UVB) radiation in skin is characterized by die 
accumulation of both mononuclear and polymorphonuclear cells within the dermis and an 
induction of vascular endothelial adhesion molecules. Epidermal production of cytokines 
(IL-8 and TNF-alpha) has been strongly implicated in the development of UVB-induced 
inflammation. In the current study, we examined the time course of IL-8 and TNF-alpha 
mRNA and protein expression in the epidermis over a 24-h period after in vivo UVB 
irradiation: Also, the induction of adhesion molecule expression and the accumulation of 
neutrophils within the dermis were followed. We found constitutive expression of both 
cytokines (mRNA and protein) in the epidermis of unirradiated skin. IL-8 was rapidly 
upregulated after irradiation and mRNA and protein increased at 4 h, reaching a 
maximum between 8 and 24 h. TNF-alpha mRNA and protein was minimally increased 
by 8 h after UVB irradiation and reached a maximum by 24 h. No significant alteration in 
ICAM-1 or VCAM^l expression was observed. E-selectin expression, which was absent 
from control samples, was increased from 4 h onward and also reached a maximum at 24 
h, coinciding with peak neutrophil accumulation. A strong correlation (r - 0.96) was 
found between number of E-selectin-positive vessels and numbers of infiltrating 
neutrophils at this time. Moreover, because E-selectin expression was increased before 
any apparent increase in TNF-alpha protein (4 h), TNF-alpha does not appear to be 
involved in the early induction of the adhesion molecule, but cytokines such as TNF- 
alpha and IL-8 may act subsequently to augment the inflammatory response. 
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Basic fibroblast growth factor expression is increased in human renal 
fibrogenesis and may mediate autocrine fibroblast proliferation. 

Strutz F, Zeisberg M , Hemmerlem B, Sartler Hummel K Becker V v Muller GA . 

Department of Nephrology and Rheumatology, Georg-August-University Gottingen, 
Germany, fstrutz@gwdg.de 

BACKGROUND: Interstitial fibroblasts play a critical role in renal fibrogenesis, and 
autocrine proliferation of these cells may account for continuous matrix synthesis. Basic 
fibroblast growth factor (FGF-2) is mitogenic for most cells and exerts intracrine, 
autocrine, and paracrine effects on epithelial and mesenchymal cells. The aims of the 
present studies were to localize and quantitate the expression of FGF-2 in normal and 
pathologic human kidneys and to study the in vitro effects of FGF-2 on proliferation, 
differentiation, and matrix production of isolated cortical kidney fibroblasts. METHODS: 
FGF-2 protein expression was localized by immunofluoresence double labelings in 
normal and fibrotic human kidneys. Subsequently, interstitial FGF-2 labeling was 
determined semi quantitatively in 8 normal kidneys and 39 kidneys with variable degrees 
of interstitial fibrosis and was correlated with the morphometrically determined 
interstitial cortical volume, hi addition, FGF-2 expression was quantitated by immunoblot 
analysis in three normal and six fibrotic kidneys. FGF-2 mRNA was localized by in situ 
hybridizations. Seven primary cortical fibroblast lines were established, and expression of 
FGF-2 and FGF receptor- 1 (FGFR-1) were examined. The effects of FGF-2 on cell 
proliferation were determined by bromodeoxyuridine incorporation and cell counts, those 
on differentiation into myofibroblasts by staining for alpha-smooth muscle actin, and 
those on matrix synthesis by enzyme-linked immunosorbent assay for collagen type I and 
fibronectiii. Finally, proliferative activity in vivo was evaluated by expression of M1B-1 
(Ki-67 antigen). RESULTS: In normal kidneys, FGF-2 expression was confined to 
glomerular, vascular, and a few tubular as well as interstitial fibroblast-like cells. The 
expression of FGF-2 protein was increased in human kidneys, with tubulointerstirial 
scarring correlating with the degree of interstitial fibrosis (r = 0.84, P < 0.01). 
Immunoblot analyses confirmed a significant increase in FGF-2 protein expression in 
kidneys with interstitial scarring. In situ hybridization studies demonstrated low-level 
detection of FGF-2 mRNA in normal kidneys. However, FGF-2 mRNA expression was 
robustly up-regulated in interstitial and tubular cells in end-stage kidneys, indicating that 
these cells are the source of excess FGF-2 protein. Primary cortical fibroblasts express 
FGF-2 and FGFR-1 in vitro. FGF-2 induced a robust growth response in these cells that, 
could be blocked specifically by a neutralizing FGF-2 antibody. Interestingly, the 
addition of the neutralizing antibody alone did reduce basal proliferation up to 31.5%. In 
addition, FGF-2 induced expression of alpha-smooth muscle actin up to 1 .6-foJd, but no 
significant effect was observed on the synthesis of collagen type 1 and fibronectin. 
Finally, staining for M1B-1 revealed a good correlation of interstitial FGF-2 posjtivity 



with interstitial and tubular proliferative activity (r = 0.71 , P < 0.01 for interstitial 
proliferation, N = 30). CONCLUSIONS: Interstitial FGF-2 protein and mRNA 
expression correlate with interstitial scarring. FGF-2 is a strong mitogen for cortical 
kidney fibroblasts and may promote autocrine fibroblast growth. Expression of FGF-2 
correlates with interstitial and tubular proliferation in vivo. 



PMID: 10760088 [PubMed - indexed for MEDLINE] 



I 



o 



87: J Biol [ Chem 2003 Nov2l;278(47):46654-60. Epub 2003 Sen 16. Related Articles, Links 



Adiposity elevates plasma MCP-1 levels leading to the increased GDI lb- 
positive monocytes in mice, 

Takahashi £C Mizuarai S . Araki H , Masiiiko S . Ishihara A, Kanatani A , Kadani H , 
Kotani H . 

Banyu Tsukuba Research Institute in collaboration with Merck Research Laboratories, 
Tsukuba, Ibaraki 300-261 1, Japan. 

Obesity is currently considered as an epidemic in the western world, and it represents a 
major risk factor for life-threatening diseases such as heart attack, stroke, diabetes, and 
cancer. Taking advantage of DNA microarray technology, we tried to identify the 
molecules explaining the relationship between obesity and vascular disorders, comparing 
mRNA expression of about 12,000 genes in white adipose tissue between normal, high 
fat diet-induced obesity (DIO) and d-Trp34 neuropeptide Y-induced obesity in mice. 
Expression of monocyte chemoattractant protein- 1 (MCP-1) mRNA displayed a 7.2-fold 
increase in obese mice as compared with normal mice, leading to substantially elevated 
MCP-1 protein levels in adipocytes. MCP-1 levels in plasma were also increased in DIO 
mice, and a strong correlation between plasma MCP-1 levels and body weight was 
identified. We also showed that elevated MCP-1 protein levels in plasma increased the 
CD1 lb-positive monocyte/macrophage population in DIO mice. Furthermore, infusion of 
MCP-1 into lean mice increased the CD 11 b-positive monocyte population without 
inducing changes in body weigbt/Given the importance of MCP-1 in activation of 
monocytes and subsequent atherosclerotic development, these results suggest a novel role 
of adiposity in the development of vascular disorders. 
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Augmented expression of neuronal nitric oxide synthase in the atria 
parasympathetically decreases heart rate during acute myocardial 
infarction in rats. 

Takimoto Y, Aoyaina T , Tanaka K , Kcyamura R , YuTY, Sasayama S . 

Department of Cardiovascular Medicine, Graduate School of Medicine, Kyoto 
University, Kyoto, Japan. 

BACKGROUND: Nitric oxide (NO) synthesized within sinoatrial cells recently has been 
shown to participate in the autonomic control of heart rate. We hypothesized that NO in 
the neuronal cells in the heart was increased and parasympathetically regulated heart rate 
aaer myocardial infarction (MI). METHODS AND RESULTS: We examined heart rate 
dynamics and neuronal NO synthase (nNOS) expression and activities in the atria of rats 
with MI 1, 3, 7, and 14 days after MI (n=7 to 22 for each group). Both the mRNA levels 
of nNOS in the atria determined by competitive reverse transcriptase-polymerase chain 
reaction and the protein levels determined by Western blotting were significantly 
increased compared with controls 1,3, and 7 days after ML nNOS activity in the atria I 
day after infarction was also increased in MI rats. nNOS immunoreactivity was observed 
in nerve fibers in the atria. After infusion of a specific inhibitor of nNOS and iNOS, l-(2- 
trifluoromethylphenyl) imidazole (TRIM) (50 mg/kg IV), heart rate was significantly 
(P<0.01) increased in MI rats compared with controls I, 3, and 7 days after ML The 
iNOS-specific inhibitor, 1400W (10 mg/kg SC), did not significantly affect the heart rate 
in rats with MI. The effect of TRIM was abolished by pretreatment with L-arginine (25 
mg/kg IV) or by parasympathetic blockade with atropine but not by propranolol. There 
was a strong correlation (r=0.837, P<0.000 1 ) between the nNOS protein expression and 
heart rate change after TRIM infusion. CONCLUSIONS: These results indicate that 
increased nNOS parasympathetically decreased heart rate via the production of NO in 
rats with acute ML 
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Differential iipregulatiou of cellular adhesion molecules a t the sites of 
oxidative stress in experimental acute pancreatitis. 

Tclek G , Ducroc R , Scoazec JY , Pasquicr C , Feldmann G Roze C. \ 

INSERM U 410, Universite Pads 7 Denis Diderot, 75870 Paris, France. 

BACKGROUND: Severe acute pancreatitis (AP)(2) is associated with exaggerated 
leukocyte adherence and activation. Endothelial cellular adhesion molecules (CAMs) can 
be induced by cytokines, but also directly by oxygen free radicals (OFRs), mediated by. 
nuclear factor kappa-B (NF-kappa B). We investigated die behavior of inducible CAMs 
in relation to pancreatic oxidative stress. Our novel modification of cerium capture 
histochemistry (reaction of OFRs with cerium produces laser reflective Ce perhydroxide 
precipitates) combined with reflectance con focal laser scanning microscopy (CLSM) 
allows the histological codemonstratidn of in vivo OFR production and immunolabeled 
CAMs, or NF-kappa B. METHODS: Taurocholate AP was induced in rats; sham 
operated and normal animals served as controls. To achieve in situ, in vivo reaction of 
ceriurn with OFRs, animals were perfused with CeCl(3) solution at different rime points 
(I, 2, 8, 24 h) and then sacrificed; E-selectin, P-selectin, ICAM-1, VCAM, and NF-kappa 
Bp65 were labeled by immunofluorescence (IF) on frozen sections of cerium perfused 
pancreata. IF and Ce perhydroxide reflectance were simultaneously detected by CLSM. 
Pancreatic gene expression of the same CAMs was quantified by competitive RT-PCR 
(MIMIC internal control). RESULTS: Control pancreata showed negligible reflectance 
and minimal CAM expression. Early (1 , 2 h) AP samples were characterized by intense, 
heterogeneous acinar OFR production, strong P-selectin, and increasing [CAM 
expression, with nuclear translocation of p65, histologically all colocalizing with the 
areas of acinar oxidative stress. Adherent polymorphonuclear leukocytes (PMNs) 
displayed weak OFR formation. Later (8, 24 h), a slowly declining P-seleetin, but 
persisting ICAM-1 expression, was paralleled by widespread adherence of PMNs 
producing surprisingly large amounts of OFRs. VCAM and E-selectin showed a mild 
. increase at 24 h. CAM gene activation was in good correlation with the protein 
expression. CONCLUSIONS: The early acinar oxidative stress is colocalized with NF- 
kappa B activation, preferential P-selectin, and ICAM upregulation in this AP model. 
Subsequently, adherent, activated PMNs become the major source of OFRs, thereby 
contributing to tissue damage. Copyright 2001 Academic Press. 
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Myotonic dystrophy: an unstable CTG repeat in a protein kinase gene. 
Timchenko L , Monckton DG. Caskcy CT . 

Department of Molecular and Human Genetics, Baylor College of Medicine, Texas 
Medical Center, Houston 77030, USA. 

Myotonic dystrophy (DM) is caused by the amplification of CTG repeats in the 3 T 
untranslated region of a gene encoding a protein homologous to serine/threonine protein 
kinases, tn DM patients the CTG repeats are extremely unstable, varying in length from 
patient to patient and generally increasing in length in successive generations. There is a 
strong correlation between the size of the repeats and the age of onset and severity of the 
disease. Hie molecular basis of the effect of the CTG expansion on the development of 
the DM phenotype continues to be investigated. The first working hypothesis of the 
molecular mechanism of DM was a reduction in steady-state myotonin-protein kinase 
(Mt-PtC) mRNA and protein levels. However, although the consensus finding is that the 
Mt PKL mRNA and protein levels are decreased in DM patients, it is still not clear if this 
reduction leads directly to the DM phenotype. In this short review we discuss the 
molecular aspects of CTG instability and the expression of the myotonin-protein kinase 
gene in normal and DM populations. 

Publication Types: 

• Review 

• Review, Tutorial 
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Induction of class 3 aldehyde dehydrogenase ia the mouse hepatoma cell 
line Hepa-1 by various chemicals. 

Torronen R , Korkalamen M Karenlampi SO . 
Department of Physiology, University of FCuopio, Finland. 

The mouse hepatoma cell line Hepa-l was shown to express an aldehyde dehydrogenase 
(ALDH) isozyme which was inducible by TCDD and carcinogenic polycyclic aromatic 
hydrocarbons. The induced activity could be detected with benzaldehyde as substrate and 
NADP as cofactor (B/NADP ALDH), As compared with rat liver and hepatoma cell 
lines, the response was moderate (maximally 5-fold). There was an apparent correlation 
between tiiis specific form of ALDH and aryl hydrocarbon hydroxylase (AHH) in the 
Hepa-1 wild-type cell line-in terms of inducibility by several chemicals. However, the 
magnitude of the response was clearly smaller for ALDH than for AHH. Southern blot 
analysis showed that a homologous gene (class 3 ALDH) was present in the rat and 
mouse genome. The gene was also expressed in Hepa-1. and there was a good correlation 
between the increase o f class 3 ALDH-specific mRNA and B/NADP ALDH enzyme 
activity after exposure of the Hepa-1 cells to TCDD. It is concluded that class 3 ALDH is 
inducible by certain chemicals in the mouse hepatoma cell line, although the respective 
enzyme is not inducible in mouse liver in vivo. 
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Relationship between cyclin Dl and p21(Wafl/Cipl) during differentiation 
of human myeloid leukemia cell lines. 

UHmannova V , Stockbaucr P , Hradcova M , Soucek J , Haskovcc C . 

Department of Molecular Genetics, Institute of Hematology and Blood Transfusion, U 
Nemocnice i, 128 20 Prague 2, Czech Republic, .ujilman@ulikt.cz 

Expression of cell cycle-regulating genes was studied in human myeloid leukemia cell 
lines ML- 1 , ML-2 and ML-3 during induction of differentiation in vitro/ 
Myelomonocytic differentiation was induced by phorbol ester (12-o-TetradecanoyI- 
phorbol-13-acetate, TP A), tumor necrosis factor alpha (TMFalpha) or interferon gamma 
([NFgarnma), or their combination. Differentiation (with the exception of TNFaipha 
alone) was accompanied by inhibition of DNA synthesis and cell cycle arrest. Inhibition 
of proliferation was associated with a decrease in the expression of cdc25A and cdc25B, 
cdk6 and Ki-67 genes, and with increased p21(Wafl/Cipl) gene expression, as measured 
by comparative RT-PCR. Expression of the following genes was not changed after 
induction of differentiation: cyclin Al, cyclin D3, cyclin El and p27(Kipl). Surprisingly, 
cyclin D 1 expression was upregulated after induction by TP A, TNFaipha with 
IFNgamma or BA. Cyclin E>2 was upregulated only after induction by B A. The results of 
the expression of the tested genes obtained by comparative RT-PCR were confirmed by 
quantitative real-time (RQ) RT-PCR and Western blotting. Quantitative RT-PCR showed 
as much as a 288-fold increase of cyclin Dl specific mRNA after a 24h induction by 
TP A. The upregulation of cyclin Dl in differentiating cells seems to be compensated by 
the upregulation of p2l(Wafl/Cipl)These results, besides others, point to a strong 
correlation between the expression of cyclin Dl and p2l(Wafl/Cipl) on the one hand 
and differentiation on the other hand in human myeloid leukemic cells and reflect a rather 
complicated network regulating proliferation and differentiation of leukemic cells. 

PMID: 12921950 [PubMed - indexed for MEDLINE] 



1 



JuM^mft^S,^? 1 } 0111 - 1998 Feb-WZWll-'M- Related Articles. Links 



Intestinal carbamoyl phosphate synthase I in human and rat. Expression 
during development shows species differences and mosaic expression to 
duodenum of both species. 

Van Beers EH ; - Rings EH, Posthuma G . Dingemanse MA Taminiau JA . Hermans 
JETS, Einerliand AW . Duller HA . Dckker J . 

Pediatric Gastroenterology and Nutrition, Department Pediatrics, Emma Children's 
Hospital, Academic Medical Center, Amsterdam, The Netherlands. 

The clinical importance of carbamoyl phosphate synthase I (CPSI) relates to its capacity 
to metabolize ammonia, because CPSI deficiencies cause lethal serum ammonia levels. 
Although some metabolic parameters concerning li ver and intestinal CPSI have been 
reported, the extent to which enterocytes contribute to ammonia conversion remains 
unclear without a detailed description of its developmental and spatial expression 
patterns. Therefore, we determined the patterns of enterocytic CPSI rnRNA and protein 
expression in human and rat intestine during embryonic and postnatal development, using 
m situ hybridization and immunohistochemistry. CPSI protein appeared during human 
embryogenesis in liver at 3 1 -35 e. d. (embryonic days) before intestine (59 e.d.), whereas 
in rat CPSI detection in intestine (at [6 e.d.) preceded liver (20 e.d.). During all stages of 
development there was a good correlation between the expression of CPSI protein and 
rnRNA in the intestinal epithelium. Strikingly, duodenal enterocytes in both species 
exhibited mosaic CPSI protein expression despite uniform CPSI rnRNA expression in the 
epithelium and the presence of functional mitochondria in all epithelial cells. Unlike rat, 
CPSI in human embryos was expressed in liver before intestine. Although CPSI was 
primarily regulated at the transcriptional level, CPSI protein appeared mosaic in the 
duodenum of both species, possibly due to post-transcriptional regulation. 

PMID: 9446830 [PubMed - indexed for MEDLINE] 
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Expression of deoxycytidine kinase hi leukacmic cells compared with solid 
tumour cell lines, Liver metastases and normal liver. 

van der WiltCL. Kroep jR . Loves WJ , Rots MG , Van Groeningen CJ. Kaspers GJ. 
Peters GJ . 

Department of Medical Oncology, VU University Medical Center, Amsterdam, The 
Netherlands. 

Deoxycytidine kinase (dCK) is required for the phosphorylation of several 
deoxyribonueleoside analogues that are widely employed as chemotherapeutic agents. 
Examples include cytosine arabinoside (Ara-C) arid 2-chlorodeoxyadenosine(CdA) in 
the treatment of acute myeloid leukaemia (AML) and gemcitabine to treat solid tumours. 
In this study, expression of dCK mRNA was measured by a competitive template reverse 
transcriptase polymerase chain reaction (CT RT-PCR) in seven cell lines of different 
histological origin, 1 6 childhood and adult AML samples, 1 0 human liver samples and 1 1 
human liver metastases of colorectal cancer origin. The enzyme activity and protein 
expression levels of dCK in the cell lines were closely related to the mRNA expression 
levels (r=0.75, P=0.026 and r=0.86, P-0.007). In AML samples, dCK mRNA expression 
ranged from 1 .16 to 35.25 (xlO(-3)xdCK/beta-actin). In the cell line panel, the range was 
2.97-56.9 (x 10(-3)xdCK/beta-actin) of dCK mRNA expression. The enzyme activity in 
liver metastases was correlated to dCK mRNA expression (r=0.497, P=0.-05). In the liver 
samples, these were not correlated. dCK mRNA expression showed onJy a 36-fold range 
in liver while a 150-fold range was observed in the liver metastases. In addition, dCK 
activity and mean mRNA levels were 2.5-fold higher in the metastases than in the liver 
samples. Since dCK is associated with the sensitivity to deoxynucleoside analogues and 
because of the good correlation between the different dCK measurements in malignant 
cells and tumours, the CT-RT PCR assay will be useful in the selection of patients that 
can be treated with deoxycytidine analogues. 
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Expression of cytokines and growth factors in human 
glomeruloneph ritides, 

Waldherr R Noronha IL , Ntemlr Z , Kruger C , Stein H % Stumm G . 
Department of Pathology, University of Heidelberg, Germany. 

Numerous experimental studies point to the potential role of cytokines and growth factors 
in the pathogenesis of renal disease. However, from the various autocrine and paracrine 
mediators identified in vitro and in animal models, so far only a few have been 
demonstrated in selected human glomerulopathies. We examined two types of 
glomerulonephritis (GN): extracapillary GN with anti-neutrophil cytoplasmic 
autoantibodies (ANCA), an example of an acute form of GN, and mesangial IgA GN, 
usually a chronic form of GN, with immunocytochemistry, in situ hybridization and the 
polymerase chain reaction. Normal renal tissue from tumour nephrectomies served as a 
control. In ANCA-positive GN with active renal lesions (crescents, glomerular and 
vascular necrosis), infiltrating mononuclear cells in glomeruli and in the inters titium 
expressed interleukin (IL)-1 beta, tumour necrosis factor (TNF)-alpha, IL-2, interferon 
(IFbQ-ganuna, platelet-derived growth factor (PDGF) and transforming growth factor 
(TGF)-beta. Cytokine expression was also observed in activated resident cells, including . 
endothelial cells, capsular epithelial cells, smooth muscle cells of vessel walls, fibroblasts 
and some tubular epithelial cells. In addition, we noted an increase in the cytokine and 
growth factor receptors TNF-R, IL-1R type II, IL-2R, IFN-gamrria R and PDGF beta-R^ 
In contrast, in mesangial IgA-GN, IL-l beta, TNF-alpha, IFN-gamma and IL-2 were 
usually absent in glomeruli. Mesangial . expansion in this disorder was accompanied by an 
increased expression of PDGF, PDGF beta-R, TGF-beta and IL-6 in mesangial areas. In 
both conditions a good correlation was observed between cytokine expression. at the 
mRNA (in situ hybridization) and protein level (immunocytochemistry).(ABSTRACT 
TRUNCATED AT 250 WORDS) 

Publication Types: 

* Review 

* Review, Tutorial 
PMID: 8398664 [PubMed - indexed for MEDLINE] 
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Malignant transformation of the human endometrium is associated with 
o verexpression of lactqferrin messenger RNA and protein. 

Wahncr PIC Pad in CX Wrona MA . Ifealy BE , Bentley RC Tsao MS . Kohler MF , 
McLachian JA . Gray KB 

Department of Obstetrics and Gynecology, Duke University Medical Center, Durham, 
North Carolina 27710. 

in the mouse uterus, lactoferrin is a major estrogen -inducible uterine secretory protein, 
and its expression correlates directly with the period of peak epithelial cell proliferation. 
In this study, we examine the expression of lactoferrin mRNA and protein in human 
endometrium, endometrial hyperplasias, and adenocarcinomas using 
immunohistochemistry, Western immunoblotiing, and Northern and in situ RNA 
hybridization teciiniques. Our results reveal that lactoferrin is expressed in normal 
cycling endometrium by a restricted number of glandular epithelial cells located deep in 
the zona basalis. Two thirds (8 of 12) of the endometrial adenocarcinomas examined 
overexpress lactoferrin. This tumor-associated increase in lactoferrin expression includes 
an elevation in the mRNA and protein of individual cells and an increase in the number 
of cells expressing the protein. In comparison, only 1 of the 10 endometrial hyperplasia 
specimens examined demonstrates an increase in lactoferrin. We also observe distinct 
cytoplasmic and nuclear immunostaining patterns under different fixation conditions in 
both normal and malignant epithelial cells, similar to those previously reported in the 
mouse reproductive tract. Serial sections of malignant specimens show a good correlation 
between the localization of lactoferrin mRNA and protein in individual epithelial cells by 
in situ RNA hybridization and immunohistochemistry. Although the degree of lactoferrin 
expression in the adenocarcinomas did not correlate with the tumor stage, grade, or depth 
of invasion in these 12 patients, there was a striking inverse correlation between the 
presence of progesterone receptors and lactoferrin in all 8 lactoferrin-positive 
adenocarcinomas. In summary, lactoferrin is expressed in a region of normal 
endometrium known as the zona basalis which is not shed with menstruation and is 
frequently overexpressed by progesterone receptor-negative cells in endometrial 
adenocarcinomas. 



PMID: 7867003 [PubMed - indexed for MEDLINE] 



^arch 1.1995 
v olume 55 • Number 5 
pp - 975-1 197 

0006-5472 • CNREA8 



1 



t: 



i 




1305 Linden Drive 
s«r.r?ison. Wl 53706 



^•9 OqW . 





b f j= » c 



IAL JOUR N At- OFT HE AMERICAN ASSOCIATION FOR CANCER RESEARCH. 



ABitrva* A%so€iaoon.Jor 
Cancer Rtitarck, Joe. 
PubUtoiians Staff 
Manap^E Editor 
)>lirgam ft>0 

^ssJiUnt M»napr>g JsiJTtor 
Ibrj Anne Mcnnhe 
M»nagw> Editorial Services 
Htidt M Pusxtay 
Sufi Editors 
Lh» A. Qiippcndale 
Pamela M. Grtbow 
Michael J. Bevcridse 
Xjihlccn C Assenmacbei 
SopcrvisOT^ Manmcript 

Processing ] 
Margaret A: Pickets 

Assistant Supervisor, 

Manuscript Professing 
Tbcitsa A." Griffith 

SuJI Assistant 
Mary Ellen Puring 

Editorial Assistants 
Valtrie L T»yJ w 
Andrea Conrad 
K^thcjinc V. P»V)ow»Jd 
Bc&fcnn MassartJl* 
ChwIcs W. Wells, Jr. 
Aamlnhtiorivr Staff 
Eaecurive Director 
Margaret Fou 

Director of Adjriumtrsrion 
Adam D. Blisiein 
" Controller 
Jou D. Biokenshirt 
Coordinsioj, Financial 

Operations 
Ctw^t L_ Moojt 
Meetings Coordinator 
Jttfciy M Ruben 
Meeting Planner 
Carok L Kanofl 
Public Information CoorviLnalor 
Jewry Anne Horsl-Mom 
E»ecuo"vt Assistant lot 

R"th E f ortson 
Adminijin»tivr Assistant 
Robin E FeMcr 
Systems SptciaJist 
Lydu JL Rodriguci 

loi) L Holmes 

Malika JL Wright 
Editorial Se rreLary 

F. Goto 
Pinions) Clerk 

OJTrre Or Hi 

^t* Entry Oer* 
R oben A Si mm* I) 



Edilor-Jfi-CWef 






Carlo M- Croce 






Associate Editors 






Stuart A Aaronson 


Jticordo DaJJa-Favera 


John T. Isaacs 


Jerry M Adams 


Kicbard L. Davidson 


M»rlr A. Israel • 


D>vjd S. Alberts 


Eugene R. De Sombre 


Elaine S. Jaffe 


Carmen J. Allegra 


T. Michael Dejtter 


Kakesh K Jain 


Frederick R. ApjxIbanjD 


Balph E. Duraod 


Ptier A. Jones 


James O. Annii>ge 


Alao E&stmitt 


V. Craig Jordan 


William M. Baird 


Gertrude & EUon 


John H. Kersey 


Allan BaJmain 


Leonard C Erickxoo 


Yoong S. Kim 


J. Carl Barrett 


Nelsoo Fausto 


Kenneth W. Kimler 


Reroto Baserga 


Eric R. Fe»«m 


Tadarpitsn Jvisbbnoto 


William T. Beck 


Isabh J. Fidlcr 


Alfred G. Knndson. Jr, 


Joseph R- Benifto . 


Koben A- Floyd 


Kwrt W. Kohn 


Mins 1 Brsscll 


Jiid&b FolkiD&n 


Lamerce R Kolonel 


Q*ra D- Blooni&eW 


Kenneth A. Food 


Donald W. Kaft 


Gianni Bonadonna 


Jostpb K Fraumeni, Jr. 


John S. Laxo 


Ernest C. Bojdtn 


Stephen R Fiiend 


Jay A. Levy 


G. Tiro Bowdtn 


Minoru FuVud* 


Frederick P. Li 


Edward Bresnick 


Philip FnJinanski 


Victor Lin; 


Sarmicl BTOdej 


Eugene W. Gtmer 


Lance A. LSona 


Rom Id R Bnkk 


Eli Clatsiein 


Martin Lipkin 


P«il A. Buiin, Jj. 


David W. Golde 


Marc E. Lippman 


C Patrick Bums 


Michael M. Go»e$m»n 


GoaW Linvack 


Fernando Cabaniltas 


J. W. Grish»n» 


Lcroy F. Lin 


Bruno Calabretta 


F. Petcj Gotngtrich 


Laurence A. Loc b 


£li Canaani 


Sen-ilirob rbkomori 


Dan L. Longo 


Robert i_ Caprrd 


Philip C Haoawah 


Reuben Loum 


Wfbotrr K Cavtnte 


Cunis C Harris 


David B. Ludlum 


Bruce D. Chosen 


John C Harsbbaigcr 


Tak W. Mak 


David Cokbtr 


Stephen S. Hecht 


Michael J. Masmngelo 


Robert L Comis 


Carl-Hew ii HtWin 


Lynn M. Matrisian 


Allan H. Conney 


Brian E- Heoderion 


W. GDJif s MrJCenna 


Neal G. Copeland 


Hicbard B. Hochbcig 


Anna T. Meadows 


Joseph G. Cory 


Waun Ki Hong 


John Mendelsohn 


WiJbim M. Crist 


Tasuku Honjo 


Christopher J. Michcjda 


Bcnoil de Ciombroggbt 


Xay Hxrtbntr 


John D. Minn* 



Beatrice Mint* 
MftJcoJin S. MhchtD 
Roth J. MvscbcJ 
Yusuke . Kakaxn w» 
Garth L. Hicolsos 
Xenneth Mibsoo 
Susumv Nishnnurn 
Jeffrey A. Norton 
Kenneth Olden 
Gilbert S- Orneno 
Richard J. O'Reilly 
Robert F. Ozoh 
Michael A Palbdino, Jr. 
Peter 1* Pedersen 
Anthony E. Pegg 
Angel FtJlicer 
Bice Peru ss ia 
Gordon L> Phillips 
Cecil B. Pickett 
Jacalyn H. Fierce 
VilOyOuarnnta 
Frank J. R»uscb« IB 
Donald J. Reed 
Ralph A. itcislcld 
Jtich&rd A. Rifkxnd* 
Leslie L, Robi&on 
Igoj B. Roninsoo 
Howard L Scbci 
Robert T. Schimke 
J. SchicssinceT 
Manfred Schwab 
Joscpb V. Simonc 
Fiancis M. Sirotoik 
Anna Marie Skalia 



Michael B. Sporn 
Martha R. Su ropier 
Eric J. Stonbridgt 
Gary S. Stein 
Bernard S. Strnuss 
T&kasbl Sogimnr* 
Saraswatti Suiw»*r 
Jarnes A SwenbtXg 
Paul TaJMay 
Tadatsvgu Tsnigvchi 
Steven JL TannehbaiKn 
Muaaki Terada 
Kermcib D. Ttw 
Donald J. Ttndall 
George J. Todnro 
Jeifrey M- Trent 
Giorgio TrincVttri 
Takashi Tsuruo 
Axe) Ulbkb 
Peter Vanpel 
Giancwlo Vtcehio 
Daniel D. Von Hoff 
Michael D. W.icTfitW 
Lec W. Wallenberg 
Ralph R. Wcichselbaum 
L Bernard Wcinsiein 
Bcngt Wcstcrmark 
Raymond JL Wfcitt 
Goidon F. Whitowre 
Mm S. Wicba 
Walter WiJldt 
H. Rodney Withers 
Sheldon Wolff 
Stuan H. Yuspa 
Ha t aid ror Hansen 



Cow Editorial Board 
Sidney Wcinboose, 
Cfvrr Editor • 



Hueh J. Oeccb 
Clark W. HebOl Jk 



£o^^in A Mirand 
R»>mond W. Ruddon 



T»k»sbi Suginrura 
John H. Wtisburftt 



Catun Jirsia/ch is sponsored by tbr An»erirai> Asstxiation lor C?nrer Research, Inc. and «rtivo major supp»n Irom the Am«r>e»n Canexr 
SoottJ, i! * Pubncation tosls »rc also mri by » grant Iroro iht Elsn U. PanJee Foundauon. Acr«J«aied ma»jj> C of journuts to AACH members 
in J»pa» » Supported by a. generous grant Irom the Banyu Pharmaf ewltta) Company. 



ripnon InforrnarJon 

Cznttr Rtnorih b pubJishtd r»kt i mouth, ont vottnu pel year, by .the American Aisociaiion (or Cmcri Rescwcb, inc. (AACR). Subicripliom includr the / 1 ;or«fli>»J of iti* Aw^on 
^orioiior) /or Cnrxtt Utirotth, mure in Ntaich dJ t>ch yrar. L>cepi toi mcmlxri of ibc AACR, al) subscriptions art payable in t&^snce 10 Cone rf Hrsrcnh P.O. Bca 5000, EHovilU, NJ 
C7B3r [Telephone: ($00) 875-7?r/; f AX: (?0l) 677-5S7?), to *bich all business communicatrojjj, leniiiiajjce s (i" United Stales current* or it cqwiv»kci), and subsoipiion ordcis should be 
*«. 1p J^pan, send ordws and ioquims ro (sole r^rm): USACO CorporaiioD. Isvvomi BWg.. J5-»? : Shirobaslu )-ihome. Mioalo-fcu. Tokyo 105. J?p>n; Itl (0?) 5CQ~ cV*71 . Jodi^duab W>o 
a « not AACR mtwbeis may jybsoibe to Volume if (3995) o/ Cwrj Rrstvnh »i iht x»Pt vi i*bO U.S.flZ 70 foreign. Co» r , t Jlrjearx ft is only available to institurions » a combined 5 ubsCfrpi»oD 
Clmito! Ct»K<i Ristanh. The fombirwid l?9i nstirutional strb5crip»io.-j pike o.t J«95 U.S. /1 575 foreign irxludt; a jubicripbon lo Ctiitieol Concn flti*orxh, Canadinn subici ibc»s should 
1% G57. Ch»ni*es of sdd:tv r.otifroiien .\hou»tJ bt se ni 60 dayi i n advance awd include boib old ?nd new addresses. Member jubitiJbrn. should se.rK» address efcan^ca. to: AACR Mcmbei 
^evw*3, Publir Led ( tr Bld^.Suiir ft 6. irOSouih ludcj^nde »ce Mail W fJ i phibdr PA Ifl«o3l8^. Nonn>embtr jufj^liben ^ul(i s*m) (han;:<J ot K»drc» IC>: Court JftrssoTt A, P.O. 

3000, IWrjvilft NJ 0783-* CtV''^ °' ,f)t i^'^l ar » uneJeliv* r>Me bcc2»sr of aditj^v ehanjei will bt dciiroyrd. 



j This material may be protected by Copyright tew (Title 17 IAS. Code) 



J CANCER RESEARCH 35, »6E-l)75v Man* J, 1595) 

Malignant Transformation of the Human Endometrium Is Assodated with 
Overexpression of Lactoferrin Messenger RNA and Protein 
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ABSTRACT 

* Id the mouse uterus, lactoferrin is a major eslrogen-indircmle uterw* 
secretory protein, and its expression correlates directly with ibe period of 
peak epithelial ceU proliferation* In this shidy, we examine the expression 
of lactoferrin mRNA and protein In human erdornetriuro, endometrial 
hyperplasias, and adenocarcinomas using Irorounohferochemistrj, West- 
em immuDobJotting, and Norjtbern and in situ RNA hybridixarion Uch- 
niqnes. Our results reveal that lactoferrin is expressed in normal cycling 
endometrium by a restricted number of glandular epithelial cells located 
deep is the zona basalis. Two thirds (8 of 12) of the endometrial adeno- 
carcinomas examined over express lactoferrin. This tumor-associated in- 
crease in lactoferrin expression includes an elevation In the mRNA and 
.protein of individual cells and an increase in the number of cells express- 
ing the protein. In comparison, only 1 of the 10 endometrial hyperplasia 
specimens examined demonstrates an increase in lactoferrin- We also 
observe distinct cytoplasmic and nuclear immunostaining patterns under 
different fixation conditions in both normal and malignant epithelial cells, 
similar to those previously reported in the mouse reproductive tract 
Serial sections of malignant specimens show » good correlation between 
the localization of lactoferrin mRNA and protein in individual epithelial 
cells by in situ RNA hybridization and irnmunobistocbeirosxrv* Although 
the degree of lactoferrin expression Id the adenocarcinomas . did do! 
correlate voih the tumor stage, grade, or depth of invasion in these 12 
patients, there was a striking inverse correlation between the presence of 
progesterone receptors and lactoferrin in all 8 lac l of emu-positive adeno- 
carcinomas. In summary, lactoferrin is expressed in a region of normal 
endometrium known as the zona basalis which is not shed with menstru- 
ation and is frequently over expressed by progesterone receptor-negative 
cells 5n endometrial adenocarcinomas. 



INTRODUCTION 

"The uterus is a sex steroid-responsive organ that plays a major role 
in women's health. Hysterectomies were the most frequently per- 
formed major surgical procedures in a 20-year study interval 
(1965-3 984; Kef. 1). Fifty-eight to 80% of ihtse 12-5 million 
procedures were performed foi estrogen-related disorders of prolifer- 
ation. Chronic unopposed estrogen exposure, roost csmnoonry asso- 
ciated with type II ovulatory disorders, eventually leads to the devel- 
opment of complex end oroe trial hyperplasia and adenocarcinoma. 
Since the sex steroids, estrogen and progesterone, act on their target 
tissues by jegulating the expression of a wide variety of signaling 
molecules, identifying these regulatory factors will provide critical 
information towards understanding normal lepioduction and repro- 
ductive tract pathology. Om cunent knowledge of esnogen and pro- 
gesterone action on the reproductive tract is based to a gieai extent on 
information collected from lodems (2). Although differences exist 



between the repioduclive physiology of rodents and bnmansv the 
mouse has been a useful model for studying steroid hormone action in 
the human female reproductive tract (3, A). One potential regulatory 
molecule shown to be regulated by estrogen in the mouse reproductive 
tract is lactoferrin. l^dofcmn is a basic glycoprotein with an extraor- 
dinarily high affinity for iron that was originally discovered in mitt. 
This protein is expressed in a wide variety of tissues, roost notably to 
polymorphonuclear leukocytes and most mammalian exocrine glan- 
dular secretions. In the mammary gland (5) and the female reproduc- 
tive tract of the mouse (6-8), lactofexrin is regulated by endocfine 
hormones. Prolactin stimulates' lactoferrin synthesis in the breast; 
whereas in the utenrs and vagina, the ovarian scot steroid, 170- 
estradiol, is the inducer. <6, 7, 9). To date, lactoferrin is one of the few 
genes thai have beefi identified in the rodent that are directly regulated 
by estradiol. The lactoferrin gene contains an ER£ 2 that is important 
for jegulating its expression in vivo in the mouse reproductive tract 
Being linked to estradiol, the expiession of lactoferrin by the uterine 
epithelium parallels the onset of DNA synthesis. Although sequencing 
information suggests that the human lactoferrin gene also contains a 
functional imperfect ERE in the 5' flanJting promoter region (10, 11> 
there is very little data regarding lactoferrin expression in the human 
female reproductive tract; 

The purpose of our study was to examine the expression of lacto- 
ferrin in the human endometrium under normal and pathological 
conditions by inimunohistocbemistry, immunoblotling, and Northern 
and in siJu RNA hybridization techniques. In addition, we looked for 
correlations between lactoferrin expression and several parameters, 
such as the stage of the menstrual cycle, the distribution of estrogen 
and progesterone jecepiors, HER-2/nrv expression, markers of cell 
proliferation, and the histopathological grade and extent of noyome- 
trial invasion in the adenocarcinomas. Our data demonstrates that 
[actoferrin is expressed in a very restricted number of glands in the 
basal region of normal human endometrium and is markedly over ex- 
pressed in a significant number of the uterine adenocarcinomas by 
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MATERIALS AND METHODS 

Tissue Preparation Dnd Histological EvaJoDtJon. SuTgica) pathology 
specimens were obtained born Duke University Medical Cemcr (Dinhanr, NQ 
and ibe Oepajtment of Pathology at MonUeal GtDcial Hospital (Oocbec, 
Moztje-sl. Cinsda). Cycling codcroc bium was obtained k ova 22 women (age* 
3)_49). and" auophic cudoiDeniurn was obiaincd bom 7 postmenopausal 
women (ages 64-77). Hystc»eciom>es fiorn cycling women weic performed 
for substiosal ttioroyomas (n = 6). pelvic icla^auon (n - 8), pelvic pw" 
(n = 4), pciitoncal tn dome miosis {n - 2), aDd canorr of eilhci the eaocervia 
(n = 1) oi ibe ovary (n ~ J). In iddiliOD, t? adtnocai cinemas, S i typical 
complex hyperplasias, 3 complex byperpJasias without alypia, and 4 simple 
hvpcrplasi-s wctc analyzed. Eicb human uterus ^as bivaJvcd shortly afici 



abhit vis boos uird ait: F.KF„ tjnofu) jt.'jwjwf r.ltmrnt; TO* A. pioJtttiiiicg 
<t!I nuUtti anitgm, F,R. ts;in;:Lj> >c<fpioi*, PR, piopcjMtioor ifrtploi. 
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hysterectomy, and enfomeUram was removed from tbc fundal region. A full 
tbicfcpess biopsy was placed into either 10% neutral buffered formalin or 
jfeuin's soluiioD overnight at room temperature before dehydration, paraffin 
embedding, and sectioning at 4 /im on silanized slides. Histological evarua- 
(jons of hematoxylin and cos in-stained slides were performed Mindly by one 
boards enifitd paihologisL Normal endometrial samples were dated by die 
criteria of Noyes ti ol (12). Endometrial hyperplasias and carcinomas were 
classified according to the current recommendations, of the International 
Society of Gynecological Pathologists under the auspices of WHO (13). 
Histological grading of tumors was performed according to Federation Inter* 
rationale des Gynecologistes el Obstetristes criteria (14). Each specimen was 
jtad a minimum of three times, and only specimens that were read consistently 
ihe same way were included in tbc study. Unstained sections of the same 
ussues weic used for the cyiocbemical analysis of piotcin and roRHA expres- 
sion using specific reagents. A few endometrial samples were fro2en for 
subsequent pr oiein and RNA extr ac lion, which were ev alnated by Western and 
^Jojlhern blotting, respectively. All human tissues were handled with the 
precautions and the guidelines retjuijed by Duke University and National 
Institute of Environmental Health Sciences. 

IromunoIocaHzation- Slides chosen for study were deparaffinized and 
rinsed in 20% glacial acetic add at 4°Cfor 35 s to inhibit endogenous alkaline 
phosphatase. All subsequent incubations and washes were at room tempera- 
ture. Sections were next equilibrated in PBS for 20 roin and incubated for 20 
ruin with 1.5% normal goat serum diluted in PBS to block nonspecific binding. 
Detection of lactoferrin was performed primarily with a rabbit anti-human 
lactof err in polyclonal antisera generated in our laboi story and affinity purified. 
Similar results were also seen with a nbnaffiniiy-purified commercial antisera 
(Biogcnex, San Ramon, Ca). Following incubation at room temperature with 
primary antisera foj 60 min, the sections were washed in PBS twice for 30 min 
each, and lactoferrin was located using an alkaline phosphatase-biotVn- 
SDtptavidin detection system (Veoastain ABC-AP kit: Vector Laboratories, 
Burlingame, CA; or the Super Sensitive Detection System: Biogenex, San 
Ramon, CA). To identify nonspecific staining, preiminune rabbit serum was 
used in place of the primary antibody. The immunoreaction was quantitated by 
determining ihe percentage of glands and the percentage of cells siaining for 
lactof trim in the 2ona basal is and (he aona functionalis, with d minimum of 
300 cells counted in each region. PR antibody was provided by Geoffrey 
Greene (KD6B), and a comxnercial source was also used (Biogenex, San 
Ramon, CA]l Identical staining patterns were confirmed with both piepara- 
tions. Other commercially obtained amber? include PCNA (Biogcncx, San 
Ramon, CA), ER (ER1D5; AMAQ WesrbroolL Ma), M1B-1 {AMAQ, and 
HETi-Z'neu (Biogtnex, San Ramon, CA). The primary antisera incubarioos 
were 2 b for the PR> 1 b .for PCNA, M1B-1, and ER, and 30 min for 
HER-2/neu. Antiscia dDuiions were ):300ior M1BO and 1:20 tor HER-2/ne*. 
Antigen reuieva) (Biogenex, San Ramon, CA) was performed before adding 
the progesterone primary antisera. 

Western Blot Analysis. Proteins were exnaoed bom endometrial biopsies 
by bomogenization on ice in \% Triibn-X and 20 dim Tris-HQ (pH 7.4) with 
protease inhibitois (10 >ig/ml leuptpiin, 200 KU/rol apiolinin, and 20 pg/ml 
phenylmeibylsuHonyl Duoride) and clarified by cenn irrigation at 45,000 rpm 
for 30 min in a Bcckman 70.1 Ti rotor: then rhe supernatant was analyzed for 
protein concentration by the BCA protein assay (Pie ice. Rotkford, IL). Ali 1 
quots of 200 fig wcie separated by electrophoresis on an 8.5% SDS polyac- 
ijlamide gel, blotted onto niuoceDulosc membranes, incubated with poly- 
clonal rabbit anlihuman Isciofeirin Bntisera, and localized with an ,; "Mabeled 
donkey anti-rabbit immunoglobulin, S5 described previously (7)- 

in Situ Hybridiia Hon. All slides ^ere pretrcBttd with 02 N HO for 30 
min at room tempo arure. discsied wiib j pe/ml pjoieinase-K f Sigma Chero- 
icai Co v St. Louis. MO) b 0.) m Tris-HCl (pK 7.4V O.Q5 >* EDTA for 15 mir. 
at 37'C,, and then treated wtlb 0.1 M tiwtbanolai)iiue-0JZi:% aceiic anhydride 
for 5 mm at. room temperature and 0.1 w Tris- glycine (p>l 7.4) for 30 min at 
loom temperature. The sections woe iubiequcndv dehydraicd with graded 
rihznol. aii dried, and pre Iry bridged ai 50T for 1 b in 2 > SSC. 10 mM DTT. 
* X Dtnhaidi'i -rolwiion, J00 »vfm) o* boib salmon ipeiro DNA and yeasi 
*RNA and 50% fprmamide (15). The ilidts woe iben hybiidi2cd ovcrnigh? at 
^0"C in ibe same medium wiib 10?b dtjnon soUare and 2*10* cprn/>l of tbc 
ipffi/ic RNA prot>e. The tscrofcrria oligcmuclcoiidc piot>e wa^ amplified by 
PCR uring primers that :pinncd nt>ckoi'>dcs 71 8- } 654 ()0) and cloned inio 
pGEM-42. "S-Iabf led itnse and anuwnsr ItNA prober weie made wiib the 
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Promega Ribopxobe kit (Promega, Madison, Wi), washed twice in 1 X SSC fo? 
10 min at room temperature, digested with RNase \2JR >g/ml RNase-A, 03 
jxgfeJ RNase TI, 10 xnM Tris-JKJ (pH 7.4> and 15 mM NaOj, and washed 
again with 1 x SSC twice for 20 min each time at 50*C twice for 20 b 
0J X SSC at 55*Q and once for 20 min at 6^C The sections were then 
dehydrated and dipped- ro Kodak autmadic^raphic emulsion (NTB-2) for 
detection of specific mRNA cipiession. The slides were allowed to develop fcr 
2 weeks. After this period, the slides were developed using Kodak D19 
developer and Kodak Rapid Fixer. 

Northern RNA Analysis. Total cellular RNA was purified from fjoieo 
tissue by the guanidine isothiocyaDatc-ctsium chloride method, and poly(A*> 
RNA was isohted by oJigo(dT>ctllulose chiomatograpby using methods 
described previously (15). For Northern blot analysis, polyfA^RNA 'was 
resolved by electrophoresis on 15% formaldehyde agarose gels, stained with 
ethidium bromide, and transferred to a nylon membrane. The membrane was 
probed with a ^P-labeled bctofcrrin cDNA derived from human uterus (nu- 
cleotides 718-1654; accession no. S52659) using PCR techniques, followed 
by cloning into pGEM-42 (Promega, Madron, WI). Id order to insure thai the 
quality and quantity of RNA analyzed by Northern Wotting was equivalent 
between control and Heated groups, the Wot was probed simultaneously for 
. glyceialdehyde-3-phosphate dehydrogenase. 
. Statistical Analysis. Values are presented as means ± SD. PifTerences 
between the zona basalrs and functionalis were tested by the two-taDed 
Student's r test *. 

RESULTS 

Immunohisiochemical Analysis of LactoferrjD Protein 

Normal Cycling Endometrium. Irjimwrx>histocbcTnipl studies of 
normal cycling human endometrium localize lactofeiTm protein pre- 
dominantly to ibe glandular epithelium deep in the zona basalis and 
not to the functionalis (Kg. lA).Tbc association of lacloferrin protein 
expression with the zona basalis is statistically significant (P < 0.001; 
Fig- 2). TVo to 56% of the glands express lactof enin at any given rime 
during the menstrual cycle. Within positive glands, lactoferrin protein 
rrnrounolocalization is heterogeneous in that positively staining epi- 
thelial cells are interspersed with cells negative for lactoferrin expres- 
sion. No apparent differences in morphology, PCNA, ER, or PR 
expression are seen to account for the heterogeneous pattern of intra T 
and inteigland lactoferrin expression in normal endometrium- Similar 
to our previous findings in mouse oteriDC epithelial cells, the positive- 
staining glandular cells of the human endometrium oemonstiatc two 
distinct immunostaining patterns for lactoferrin, cytoplasmic and nu- 
clear {Fig. IB% seen with both formalin and BouiVs fixation. In 
evaluating the temporal expression of lactoferriiv there is a trend 
rowards more glands expressing lactoferrin during the secretory 
phase. Because of the large variance, the trend is not statistically 
significant. As expected, the polymorphonuclear leukocytes in the 
endometrium also stain intensely for lactoferrin protein, which is 
stored in their secondary granules (Frg. 3> These results demonstrate, 
for tbe first time, that lactoferrin protein is expressed in the human 
endometrium predominately by polymorphonucleai leukocytes and 
epithelial cells of glands located deep in tbe zona basalis. 

Proliferative Endometrial Disorders: Hyperplasias and Adeno- 
carcinomas, lmniunohistocbemisiry reveals thai lire expression of 
Janrrff Jrin ptc-iclx i= inoe^vd in 66.6% (S of 37) nf Jhr- endometrial 
adetMxarcinornas examined. In one-half of these cases (4 of 12), 
lacloferrin is intensely expressed by malignant epithelial cells 
throughout the entire tumors (Fig. 4). The other four adenocarcinomas 
demonstrate increased 5iainins for lactofeirin in concentrated regions 
oi ihe turno;s. In all tri^bl ca^es where lactolenin expression is 
elevated, ihe cells expressing lactoferrin have one similarity ^itb 
normal positive glands in that they demonstrate heterogeneous sign- 
ing of interspersed positive and negative cells. However, ihe expres- 
sion oi iactoleitin by the malignant cells cliarly differs from normal 
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Fit- 3. U*ah"»tion of Janofenin protein in ntmnzl cytl'mi endorottjnjm by iromn- 
nobisiocbexDKMjy using » specific potycJowl sntibody. Ow an»tvsi$ rtvcpjs thai lactof- 
trrio piou'm is present' b » limited number of glands lociied in the zona basalis of (be 
endorottrmra MJt X Also, nott that hdofcrrin is beierDf eneottt within positive 
glands, cc lis staining for Uctofcnm we inlcnpeiacd with i>cg»iivt-siaming cpJibttiel 
cells throughout ihc -land. Two immunohiMOchcmJcil staining pa Items are noted fw 
laciofemn in norma) uterine rpithtthira. In one pattern, lactoftrrin protein is immunoJo- 
calized primarily over the cytoplasm {Bl\ and »» U>c other, ibe staining is seen ov« ibe 
nucJens (fi?)c X 40. 



positive glands in thai the lactoferrin is n6t limited lo tht basal jcgions 
of the tumors, many more cells are positive, and the relative intensity 
of Ihe staiDing ovej individuals cells is inaeased. Although increased 
lactoferrin expression is associated with malignant transformation, we 
do not find a correlation between lacioferrm protein presence and the 
stage, nuclear grade, Federation Internationale des Gynecologistes el 
Obstetrisies grade, oj ibe depth of myometriaJ invasion in the 32 
minors studied (Table J). Jn sharp contrast to the common dys regu- 
lation of lactoferrin expression found id the malignant endometrium, 
only J of 3 0 endometrial hyperplasia specimens evaluated contained 
an ina cased numbti of cells staining foi lacioferrin. The hyperplastic 
specimen overexposing lactoferrin was read as complex without 
atypia. 

in Situ and Northern Analyses of Lactoferrin mRNA 
Expression in Normal and Malignant Endometrium 

To further our ur,de; sisnding of !hc location cf bctofenm pjotcin 
synthesis in the human endometrium, we examined lactofenin mRNA 
expression by in sin* and Northern hybridization using specific 33 S- 
Jabeled probes /or human lactoferrin. No detect able RNA hybridiza- 
tion is observed in the normal endometrium by in j/ri* hybridization, 
even in the pjefencc of irorounodeieciable protein, ustns equivalent 
hybridization conditions and deveJopmeni times 35 used /oi the ade- 
nocarcinomas. Consilient wjih the re&ults obtained by in Jiru hybrid- 
ization, long exposure timei- were. required lo dcmonsuaic lactofenin 
mRNA in noJiual endometrium by Northern blot Dying po)v(A*)- 
mRNA. This indicates that laciofcrrin mRNA is present in normal 
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tissue but in very low levels, consistent with ibe very limited pattern 
of protein expression in normal endometrium. Equivalent RNA load* 
iDg and quality fox each specimen was demonstrated by etbidinnj 
bromide staining of the RNA gels (data not shown) and by probing for 
the housekeeping gene giyceraldebydeo-phosphate dehydrogenase 
that does not fluctuate significantly with the metabolic state of the 
tissue. A representative Northern blot is shown in Kg- 5. Jn situ 
hybridization with several adenocarcinomas reveals that there is a 
direct correlation between the localization of lactoferrin mRNA and 
the irrununostaining of expressed Jactoferrin protein (Fig. 4). Lactof- 
errin mRNA is not associated with polymorphonuclear leukocytes by 
in situ hybridization in either normal or malignant tissue, - 

Western Blot Analysis 

To confirm the specificity of the antisera that we used for immr> 
nomstoencroistry, we performed WWtern 6/ot ana/ysrs on protems 
extracted from both normal and malignant endometrium which were 
separated by 8.5% SDS^polyacryJamide gel electrophoresis (Fig. 6>. 
Iromunoblotting identified a single broad protein band with a molec- 
ular weight between 70,000- 80,000 in both normal and neoplastic 
endometrial tissue homogenates, consistent with the reported molec- 
ular weight of human lactoferrin. Supporting the immunoc^ochemi, 
cal analysis, a representative imrounoblot clearly demonstrates; that 
tbe proportion of protein that is lactofenin is roariedly increased in 
the adenocajcinoroas in comparison to the normal endometrium. The, 
molecular weight of laaoferrin in the adenocarcinomas appears to 
have a slightly higher molecular weight that the predominant form in 
normal tissue. . f 
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Correlation of Lactoferrin Expression with the Expression of 
PCNA, Ki-67, HEK-2/»ru, EK, and PR 

In an attempt lo characterize the phenotype of endometrial cells 
which express lactofenin, wc performed irorourMmisrocheroistty on 
serial sea ions fox the Ki-67 antigen, PCNA, HER-2/neii, J act of en in, 
ER, and PR. In normal tissue, Ki-67 and PCNA expression are eel) 
cycle-specific markers of cell proliferation (36, 17). Upon analysis of 
normal cycling endometrium, no relationship between lactofenin pro- 
tein expression and ER, PR, or Ki-67 .expression was observed. 
Similarly, in roost of the adenocarcinomas evaluated, no relationship 
was noted between lactofenin and PCNA protein expression. Mow- 
fvci, in one adenocarcinoma (Fig. 7), there was a clear inverse 
»e)aiionship.seeD between lactofenin and PCNA localization, which 
w flS present throughout the entire tomoj. Most dramatic, however, was 
> striking inverse conrlatton seen berween lactoferrin and PR expres- 
sion in 8 of 8 PR-positive uterine adenocarcinomas (Fig- 7). Two 
tumors negsbve for PR also did not express lactoferrin. Although an 
inverse correlation was also suggested with HEH-2/neu and PR, fhe 
»DVf isf correlation was more precise with lactoferrin in these rurnois. 

DISCUSSION 

In the mouse uterus, lacrofcrrin is an estrogen- induced uterine 
secretory pioicin that is present throughout the epithelium (7), and il 



is expressed concomitantly with epithelial cell proliferation. Ib con- 
trast to feaofenin's ubiquitous expression in the estrogenized mouse 
uterine epithelium, lactoferrin protein is limited to glandular epithelial 
cells in the basal regions of normal human endometrium and usually 
to glands that were directly adjacent to the myometrium (ie~ w the 
deepest glands of the zona basalts). This regional localization of 
lactoferrin . expression is not surprising in that other biochemical 
parameters have been reported to show site specificity in primate 
endometrium. These parameters include the proliferative index and 
the expression of the secretory component of IgA (18). Similar to our 
observations in the endometrium, lactoferrin is also expressed region- 
ally' in the mammary gland. In bovine breast tissue, lactoferrin is 
localized primarily to the basal alveolar cells (19); whereas in human 
breast tissue, the ductal epithelium appears to be the primary source of 
. secreted lactofenin during lactation (20). 

Examining the endometrium . on different days of the menstrual 
cycle demonstrates a trend towards increased lactoferrin expression 
during the luteal phase. Although this data is not statistically signif- 
icant, the cyclic variation may be biologically relevant Km et oL (21) 
recently reported thai the basal endometrial epithelial cells are unique 
because they proliferate during the postovulatory luteal phase. Inter- 
estingly, in the mouse uterus, there is a direct correlation between 
lactofenin expression and epithelial cell proliferation (6). Therefore, 
lactoferrin may have a similar jole in the human and mouse endome- 
trium. If lactofenin expression is. cyclic, the ERE in the 5'-flanlcing 
promoter region of the human lactoferrin gene may be activated 
during the luteal phase (10, 11). 

Another similarity between human and mouse uterine lactoferrin 
expression is the observation of two inununobisiochemical staining 
patterns. In one pattern, the aniisera binds primarily over the cyto- 
plasm, and in the other, the nucleus is the primary site of localization. 
Although this could represent a fixation artifact, we have now ob- 
served this pattern in two species and under different fixation condi- 
tions. It has been demonstrated that signaling peptides, i.e., plateJet- 
derived giowtb factor (22), lnt-2 (23), and probasin (24), can be 
selectively directed into the nucleus, cytoplasm, or secreted. It is 
believed that this differential processing may allow proteins to have 
inlracrine, autocrine, and paracrine roles, depending on the physio- 
logical state of the cell. The two localization patterns observed suggest 
thai lactoferrin might have signaling sequences that, dir eel the final 
destination of the mature peptide. 

In normal endometrium, lactoferrin roRNA is present but in very 
low levels. Prolonged exposure times are needed to visualize the 
mRNA band with Northern analysis. Although with in siw hybrid- 
ization the lactofenin mRNA signal is easily seen in adenocarcino- 
mas, we failed to localize the lactofenin roRNA in normal endome- 
trium using an equivalent exposure time. These low levels of mRNA 
in normal endometrium suggest that the synthesis and degradation of 
lactofenin mRNA is more tightly icgulated in normal tissue than in 
tire adenocarcinomas. Because of the low levels of message in normal 
tissue, we are unable at this time to definitively conclude that lacto- 
fenin mRNA is synthesized by the same epithelial cells which express 
the protein. 

ln endometrial adenocarcinomas, malignant transformation of the 
endometrium is associated with the up-jegulation of lactofenin 
mRNA and protein biosynthesis. The up- regulation at the RNA level 
is demonstrated by en increase in steady- si ate RNA levels using both 
in siru hybridization and Northern analysis techniques. Lrr these can- 
cers, wc also observe an inciease in the number of lactofeirin-positive 
cells, which express both ihe protein and mRNA. In this study, 8 of 
the 3? adenocarcinomas evaluated ovcrexpress lactoferrin, compared 
with only 3 of 10 hyperplastic specimens. The form of lactofenin 
pjotciii extracted horn en domett ial arte nocaj cinemas appears to have 
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Kg, 4. Co)oca!iz*rioD of hctofcro protein (tyi pcnth) and 
TnRNA (n"$Af pontb} in a normal proliferative endoroctriuni aix) 
endometrial afcDCCardnoxnas by performing ironjunohistochuDb- 
try and w Jitu RNA hybridization on sens) sections. Dual analysis 
of protein and mRNA expression rtvtals that gfendij hi normal 
cwJotDtliiuiD do Dot have detectable mRNA, as measored by m tint 
hybjkfizatipn (ro;> pantkl X 40), whereas SDaJysis oi the adeno- 
carcinomas clearly dcroonstrMts 2 diuct correlation between pro- 
tein u>d RNA expression Jot focwlmin (wufottf and bottom ponc)r t 
X 10). Note tbat baoftJTin protein and roRNA is dlsiributtd b 1 
htttrogtjjtous pattern in fbe epithelial ctRs of ft»e adenocarcinomas. 
As is shown hi Fig. 1, > heterogeneojis staining pattern for bctof- 
crrin protein is ilso seen tjtipc&tly to normal endometrium. 
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a slightly higher molecular weight than ibe protein present in norma J 
tissue. This could be due to alterations in the processing of the 
1 act of en in mRNA, protein, or gjycosylation by the malignant cells. 
Alternatively, there could be minor differences between lactoferrin 
protein which is present in neutrophils c and the form synthesized by 
uterine epithelial cells. We suggest two hypotheses to explain lactof- 
errin over egression in endometrial adenocarcinomas, lit the first 
hypothesis, lactoierrin biosynthesis is deregulated by the same pro- 
cesses that lead to the malignant transformation of endometrium. If 
this hypothesis, is true then lactoferrin may be a useful majkei for 
endometrial adenocarcinoma investigation, and further research is 
needed to determine whether laciofenin plays a contjibuting io)e in 
tbe malignant transformation. A second hypothesis is thai laaoferrin- 
positive human endomeDial adenocarcinomas evolve from the clonal 
expansion of cells tesiding in the regenerative zone (zona basalis) of 
normal endoroetrium. It is interesting to speculate that laciofenin 
expression in endometrial cancer may be linked to estrogen action in 



some way, since proliferative disorders of human endometrium are 
linked to cbjonic estrogen exposure over several years and sequencing 
data suggests that the promoter for the human lactoferrin gene does 
contain an ERE. 

Although the function of lactoferrin is unknown, a variety of 
biological roles have been proposed foi laciofenin which could link 
this protein to a role in cancer, including tbe regulation of DNA 
synthesis (25-29), modulation of the immune response (25, 30, 33), 
and iron transport (32). Some forms of lactoferrin are reported 10 have 
RNasc activity (33, 34). Secreted RNascs are involved in develop- 
ment, reproductive function, neoplasia, angiogerjesis, and immune 
suppiession. (35, 36) If angjogeDesis and iDimunosuppression art 
components of lactoferrin RJ^ase activity, these properties could pro- 
mote tumor growth. 

In the endometrial adenocarcinomas, we observed a heterogeneous 
expression pal rem foi lactoferrin, PCNA, Her-2//ieu, ER, and PR- 
With regard to prognosis, patient survival is reportedly worse when 
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Fig. 3. Northern analysis of bcroreiiin mRNA e*p>essioji confirms thai endometrial 
adtnocwciDorois (Lanes 3 and /) significantly ovcrtxpiess ibe 2-5-kflobas* transcript of 
human lactoferrin »» comparison to norma) endometrium (Lone* 7 and 2). Toe Northern 
hybridization data strppom tht in jwd RNA results and cxmfinos that bciafwrio RNA 
expression is djsresobted in uterine adenocarcinomas. Normal uterine tissues appear to 
contain ) D w sitady-statt RNA levtls of bctoftnin, leflccbng a ccnUofltd pattern of 
protein expression. Equivalent RNA loading and quality fo» each specimen was demoo- 
suaied by ethidium bromide staining of (he RNA gels (data not shown) and by probinj for 
B housekeeping gent (tjyceraldehyde -3-phosphate dehydrogenase) thai dots nol fluctuate 
significantly wiib the metabolic stale of the tissue. 
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endometrial adenocarcinomas Jose sot steroid receptors (37, 38), have 
a higher proliferative index (39), and demonstrate DNA aneupjoidy. 
During the rumor progression of endometrial adenocarcinomas, it 
appears thai the toss of steroid hormone receptors occurs earlier than 
either the racrease in proliferation rate ox the development of DNA 
aneuploidy (40> Id our study, ve note a striking inverse correlation 
between the expression of lactofernn and PR in the endometrial 
adenocajcinomas. An inverse relationship also has been described for 
HER-2//«w and PR to endometrial adenocarcinomas that correlates 
with patient prognosis. Furthermore, in cancers of the human endo- 
metrium, ovary and breast Bex-2//uru expression has been associated 
with advanced disease and poor survival (41-43). HER-2//reu is an 
oncogene that shares sequence homology with the epidermal growth 
factor receptor and is speculated to contribute. to aberrant growth. Of 
note is that lactofenro biosynthesis in the mouse uterus is associated 
with the expression of the epidermal growth factor. Lflce HER-2/neu, 
the epidermal growth factor receptor is also frequently overexprtssed 
to PR-negative cells of endometrial adenocarcinomas (44). The am- 
plification of growth factor receptor expression in PR-negative endo- 
metrial adenocarcinomas may be associated with the acquisition of 
growth autonomy and hormone independence, which may contribute 
to the poorer prognosis of PR-negative endometrial carcinomas (45). 
Some endometrial adenocarcinomas, including recurrent tumors, can 
be treated successfully with progesterone therapy (46, 47). Although 
the significance of the inverse relationship between Jaciofemn and PR 
expression is not known, we speculate that the PR-negative cells do 
not undergo the normal growth inhibition and secretory differ enliatioD 
normally associated with progesterone action. 

A survey of human tissues reveals that lactoferrin is expressed by 
most normal mammalian exocrine glands and may be a prognostic 
marker in rumors (20). Lactoferrin is found in normal ductule breast 
epithelium and in primary breast carcinomas. In breast tumors, there 
is an inverse correlation between lactoferrin and ERs (20). Notably, 
lactof enin expression in breast cancer may fall into the same category 
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Fig. 6. Western blot analysis using an antiserum 
specific Jot human lactoferrin w»j performed on 
proteins e attached horn normal and malignant cn- 
dtxnctriuin and separated by SDS-polyacxy (amide 
ftt cleciroplioicsu. A bioad protein band vita a 
JnolccuJai » eight between 70,000 and 30,000 is 
detected in both normal and nroplaslir endometrial 
• hjsuc homof r nates, comment with the reported 
moircubi weight ol human lacio/ernn M). Toe 
roost significant observation fiom the iromunoWot- 
tin I studies is Out taciolrrrtD protein is markedly 
eWvaif d i n it* ace nocaj cinemas, in comparison to 
norma) endometrium, which supports ibe imrnvDO- 
<)tochecjicif anah/ii* fh&l demons traits t -rtatw 
Dumber ol cells positive Jot tarioienis protein in 
the uterine tumors. S. the relative zmotml of protein 
loaded in tie h lane by Coomassie blue staining. 
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FSg. 7. Cnnelaioa ©J laciof em» protein txprts- 
with Ibc PCNA, a marker of piolif eralkm, and 
PR « measured by irrununonisiotncnjisiry per- 
formed on stria! sections; X 20. In most cases, no 
relationship between lactotcrrin and PCKA e*pres- 
s'joo is lotrod in either normal or malipjam e*do- 
iBtirivni (dMa pol shown). Howevo, m 1 of 12 
adenocarcinomas, « inverse conebwm is seen 
berween faaoferrin (A) and PCNA (B) localiza- 
tion. Tbii sinking pattern was consisJtm thrcufcb- 
out the entire tumor, suggestms the possftnliiy of 
cell cycle regulation of lacioftrrin expression n> 
Ihis a-dtnocardBOroa. The howmjmh nhHiu 
inverse cwrefcboii between bctofemn (O and PR 
«prtssio» 'J>\ which was seen in a» £»gbt endo 
mc trial adenocaronoinas which eaprfssed PR- 
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as ibt other maiKers for ER-negalive tumors, such as amplification of 
EGF receptor, HER-2/ncw, and transforming growth factor a expres- 
sion, which are associated with poor prognosis. In gastric carcinomas, 
lactoferrin expitssion is associated with transformation of specific 
cell types including intestinal- type carcinomas, adenomas, and incom- 
plete intestinal metaplasias (28), Although this is complete specula- 
tion at this time, perhaps lactofercin overe*pjession in tbe various 
malignancies may complement ibc actions of the giowib factor path- 
way molecules and contribute to tbe autonomous growth of these 
tumois. 

In conclusion, oui studies reveal ibal Jacioferrin is. associated 
witb a unique population of epithelial cells in ibe zona basaJis and 
ibal lactoferrin overexpiession may be associated with malignant 
liaDsloiroation of the human endometrium. Further studies are 
needed to elucidate the role of lactoferrin io normal and patholog- 
ical endometrial physiology. 
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Cell proliferation in human soft tissue tumors correlates with platelet- 
derived growth factor B chain expression: an immuuohistochemical and in 
situ hybridization study. 

Wang J, Colcrera MP , Gown AM . 

Department of Pathology, University of Washington, Seattle 98195. 

The authors tested the hypothesis that the B chain of the plateleUlerived growth factor 
(PDGF), a known connective tissue mitogen and growth factor, could be expressed by 
human soft tissue tumors/and that its expression could play a role in the control of cell 
proliferation in these tumors. Using a set of 56 soft tissue tumors, including benign 
tumors and all three grades of sarcomas, PDGF-B chain protein was localized using 
immunohistochemistry and PDGF-B mRNA was localized using in situ hybridization. 
The hypothesis that PDGF-B expression was related to cell proliferation was tested by 
simultaneously demonstrating the expression of the proliferating cell nuclear antigen in 
sequential tissue sections of the same tumors. Sixty and 82% of tumors had demonstrable 
PDGF-B mRNA and protein, respectively, with a strong correlation between their 
degrees of expression (P = 0.0001). Among the sarcomas, a strong correlation between 
PDGF-B expression and increasing malignant tumor grade (P '= 0.006), and between 
PDGF-B expression and increasing proliferating cell nuclear antigen index (P = 0^01) 
was found. All tumors were also demonstrated to express the beta receptor of PDGF via 
uiimunohistochemistry. These studies suggest that PDGF-B expression may be an 
important mediator of cell proliferation control, via an autocrine mechanism, in human 
soft tissue tumors and may correlate with clinical outcome in the sarcomas. 

PMID: 790391 1 [PubMcd - indexed for MEDLINE] 
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Expression of cadherins and catenins in paired tumor and non-neoplastic 
prunary prostate cultures and corresponding prostatectomy specimens. 

WaflgJ, KrUlD, Torbenson M, Wang Q. Biscegha M. Stoner .f Th n m« a 
DeFlavia P, Dhir R. Becich MJ . ' 

Department of Pathology, University of Pittsburgh Medical Center, PA, USA. 

Cadherins are a family of transmembrane proteins that play a crucial role in cell 
differentiation, cell migration, and intercellular adhesion. Cadherins are associated with 
catenins through their highly conserved cytoplasmic domain. Down-regulation of E- 
cadhenn protein has been shown in various human cancers. This study examined the 
expression of cadherins and associated catenins at the mRNA level. Paired tumor and 
nonneoplastic primary prostate cultures were obtained from surgical specimens. 
Quantitative multiplex fluorescence reverse transcriptase-polymerase chain reaction 
(QMF RT-PCR) and quantitative analysis were performed and correlated with 
immunostain results. Six of seven cases of neoplastic cultures showed moderately-to- 
markedly decreased levels of E-cadherin and P-cadherin mRNA. Similar losses of alpha- 
catenin and beta-catenin mRNA were also observed. The results of QMF RT-PCR 
showed good correlation with the results of immunohistochemical studies based on 
corresponding formalin-fixed sections. In conclusion, this paper presents a coordinated 
down-regulation in the expression of E-cadherin and associated catenins at the mRNA 
and protein level in most of the cases studied. This down-regulation may play an 
important role in the pathogenesis of prostate cancer. 
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Abstract Cadherins are a family of transmembrane 
proteins that play a crucial role in cell differentiation 
cell migration, and intercellular adhesion. Cadherins are 
associated with caienins through their highly conserved 
cytoplasmic domain. Down-regulation of E-cadherin 
protein has been shown in various human cancers This 
study examined the expression of cadherins and associ- 
ated catenins at the mRNA level. Paired tumor and non- 
neoplastic primary prostate cultures were obtained from 
surgical specimens. Quantitative multiplex fluorescence 

D^iI? nSCn|>lase * polymerase chain reaction (QMF 
1 \ CR ] . an . d quantitative analysis were performed and 
correlated with immunostain results. Six of seven cases 
or neoplastic cultures showed moderately-to-markediy 
decreased levels of E-cadherin and P-cadherin mRNA 
Similar losses of a-catenin and ^catenin mRNA were 
also observed. TTkt results of QMF RT-PCR showed 
good correlation with the results of i mm u nobis t ©chem- 
ical studies based on corresponding formalin-fixed sec- 
lions. In. conclusion, this paper presents a coordinated 
down-regulation in the expression of E-cadherin and 
associated catenins at the mRNA and protein level in 
most or the cases studied. This down-regulation may 
play an important role in the pathogenesis of prostate 
cancer. 
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Prostate cancer is the most common malignant tumor 
and the second leading, cause of cancer death in men 
The clinical course of patients with prostate cancer 
varies widely, and different factors contribute to this 
marked clinical variability, including genetic back- 
ground, hormonal environment, and the invasive 
potential of the tumor. Invasion and metastasis are the 
hallmarks of malignancy and have been closely Jinked to 
alterations in cell-to-cell adhesion, cell migration, and. 
interactions with extracellular matrix components |22J 

. Cadhenns arc a family of transmembrane glycopro- 
teins responsible for maintaining the integrity of tissue 
and are involved in cell differentiation, cell migration 
and intercellular adhesion through a calcium- dependent 
mechanism characterized by homotypic adhesion [35- 
37). Their highly conserved cytoplasmic domains asso- 
ciate with catenins, a group of intracellular prolans that 
mediate contact between the cadherins and the micro- 
filaments of the cytoskeleton. Each cadherin subclass 
shows a unique tissue distribution: E-cadherin is pre- 
dominantly expressed in epithelial cells and P-cadherin is 
restricted to decidua tissue and the basal or lower layers 
or stratified epithelium |30]. 

The accumulating evidence suggests a decrease or loss 
of function in E-cadherin and P-cadherin in several 
human carcinomas [3, 9, 23, 32). Loss of heterozygosity 
(LOH) at chromosome 16 in the location of the E-cad- 
herm gene is present in a high percentage of prostate 
cancers [6, 21,26, 28). Decreased expression of E-cadherin 
is seen in various human malignant tumor cell lines, and 
the level of decrease correlates with the invasive potential 
of the tumor cell lines [I, 9, 12, 24, 40, 42). In addition, 
many, but not all, immunohistochemical studies using 
rormalm-fixed, paraffin- em bedded tissue have shown that 
the E-cadherm proiein is decreased in prostate cancer and 
the decrease is correlated with tumor grade (4, 8, 13, 27, 
38). Other studies have shown decreased-to-abscnt 
P-cadherin levels, but variable E-cadherin levels (33) 
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a- and ^catenins bind the cytoplasmic domain of 
E-cadherin and link it to the cytoskcleton (16, 3I] ; Down- 
regulation of expression and deletion of st-catenin genes 
were identified in several human cancer cell lines [19, 24, 
42}. Immunohistochemical studies showed decreased 
ctiatenin staining, which correlated well with the loss of 
E-cadherin staining and patient survival [25, 29, 39]. In 
addition, decreased p-catenin protein expression appears 
to be associated Avilh malignant transformation of epi- 
thelial tissue [34]. These results suggest that cadbenns 
and catenins may function as tumor invasion-suppressor 
genes. However, most of these results were obtained m 
studies using transformed tumor cell lines and formalm- 
fixed, paraffin-embedded tissue. To our knowledge, 
no studies to dale have examined the co-expression of 
cadherins and catenins at the mRNA level using malenal 
derived from surgical specimens. 

Recently, we have developed the methodology to 
cultivate primary epithelial cells under defined condi- 
tions from surgical prostatectomy specimens [20]." Areas 
of both carcinoma and n oh- neoplastic tissue are identi- 
fied grossly, verified histologically, and then cultured 
separately/resulting in paired primary cultures of both 
nonneoplastic and neoplastic epithelium from the same 
patient. The non- neoplastic tissue cultures serve as an 
important control of any person-to-person variability in 
the expression of the genes of interest. 

In this study, we investigated the co-expression 
of cadherin and catenin mRNA. from multiple paired 
primary prostate cultures derived from surgical prosta- 
tectomy specimens using quantitative multiplex fluores- 
cence reverse transcriptase-polymerase chain reaction 
(QMF RT-PCR) [41, 44]. Immunohistochemistry stud- 
ies of cadherins and catenins were performed on the 
corresponding paraffin-embedded prostate tissue. 



Materials and methods 

Tissue specimen and primary prostate cultures 

We studied patients with adenocarcinoma of the prostate who 
underwent prostatectomy at the University of Pittsburgh Medical 
Center during the lime interval January 1996-January 1998. No 
patient bad received treatment prior to surgery. Fresh prostatec- 
tomy specimens were sectioned and grossly examined, representa- 
tive samples of neoplastic and nonneoplastic tissue were collected, 
and the diagnoses were confirmed by examination of hematoxylin 
and eosin (H&E) -stained sections. Epithelial cells from tumor and 



nonneoplastic areas of the specimen wereKolated and then cul- 
m£d wiU, a chemically defined mediuDl (CDM) without addibon 
of growth factors as previously described- Tissue fragments wvt 
cut into small pieces and underwent a series of co agwous diges- 
tions. Following each digestion, the cells were pelleted by cenln- 
fugation at 1,000 rpm for 4 M1N (20). To selectively promote 
epithelial cell growth, the pellets were rcsusrxndttl and »Umcd 
in serum-free CDM supplemented with epithelial ffJ^J*** 
(EGF) {201 The culture's morphology was examined dairy, and 
epithelial cells were allowed to grow until confluence was reached, 
between days 7 and 10. 

Isolation of total RNA and synthesis of cDNA 

Total RNA was extracted from the cultured primary prostate 
epithelial cells at first passage according to the Tnzol soluuon 
(Gibco BRL, Rockville, KID) modified method of OoroczynsXi 
and Sacchi I7J. The RNA was then quanlitated spectrophotomet- 
rically. Two micrograms of total RNA were used for first strand 
cDNA synthesis using oligo-dT primers and MMliV reverse tran- 
scriptase (Gibco BRL, Rockville, MD). 

PCR primers and quantitative multiplex fluorescence PCR 

PCR primers for hepalocytc growth factor (HGF) and c-myc 
were synthesized as previously described |I7). PCR primers for 
E-cadherin, P-cadhcrin, a-catenin, 0-catenin, and ^-actin cDNA 
were designed according to cDNA sequences provided by the 
GeneBank (WWWXncbi.nlm-gov/genebank/query). The. pnmers 
were selected to amplify 150-250 bp target genes and the ^PCR 
products from each target gene were designed to .have a different 
size (Table 1) The reverse primers were synthesized with fluores- 
cein molecules covalcntty attached to the 5' end !-<*KM^™*? 
MD1 Twenty-five microliters of PCR reactions for QMJ"- FC * 
contained primers (20 uM each), cDNA corresponding to 50 ng of 
total RNA, dNTPs, and reaction buffer. The reactions were am- 
plified for 21 cycles at 94 *C for I min, 57 *C for 2 mm; a»d72 C 
Tor 2 min. Five microliters of QMF-PCR reactions were mixed with 
an equal volume of sequencing gel loading buffer, denatured, and 
aliquots wercelectrophorcsed on an ABI 373A automated sequencer 
(Applied Biosystcms, Foster City. CA) using a matrix specific for 

fluorescein (Fig. I A). , , ■ "tV * k ii' in W usine 

Automated sequencer gels were run for 6h at 30 W using 
Genescan software (AB!. Foster City, CA). Lane assignments a^d 
areas of the peaks conesponding to fluorescent P^ k V^^g™ 
and quanlitated by the Genescan software using PhotomuJtipher 
tube (PMT> voltages (Fig- IB). All expenrncnts 
triplicate and the results presented as means and standard dev.a 
tions (SD). 

Antibodies and immunohistochemistry 

Five-micron sections were obtained from formalin-fixed. F*?^ 
embedded tissue blocks- They were dcparaffinized and ky*aitd 
with graduated cthanols. Slides were then microwaved m I.I M 



Table I Summary of PCR 
primer sequences and PCR 
products 



Primer Sequence 



1 

2 
3 
4 
5 
6 
7 
8 
9 
10 



Forward cccacactgigcccatciacg 
Reverse gcttclccllaatgicacgc 
Forward caaaglgggeacagatggtgig 
Reverse ctgcllggallccagaaacgg 
Forward gcaagagccagctctgtttagc 
Reverse acttgagclgatlcagtctclgg 
Forward gatggacaactatgagccagg 
Reverse lataccaggegggaagcatcg 
Forward ttctggtgccaclaccacagc 
Reverse Igcatgccetcalclaaietc 



Target gene 


Size 


^-Aclin 


170 


E-cadherin 


190 


P-cadherin 


220 


a-Calcnin 


182 


/f-Catenin 


218 



Size of PCR product tbp) 



310 



220 bp 



E-e»dhtn» 



170 1? 



1 A Genescan image of 

QMF RT-PCR of five paired 

nop- neoplastic and' neoplastic 

primary prostate cultures. 

cDNA corresponding to 50 ng 

of total RNA was subjected to 

21 cycles of PCR, and all 

reactions were done in tripli- 
cate. RNA of both E-cadhcrin 

and P-cadherin showed moder- ' 

ale-to-marked reduction in pri- 
mary neoplastic cultures in four &An» 

or five cases (Cases I, 2, 4, and 

5). B Representative automated 

sequencer traces (ABI 373A) 

from 21 cycles of QMF 

RT-PCR using cDNA from a b 

paired no n- neoplastic {top 

pane!) and neoplastic (bottom ' 

panel) primary prostate cultures 

(Case 2\ and copy number or BWHttwphstoc 

PCR products (a- actio, 

E-cadherin, and P-cadhcrin) 

was calculated using peak areas. 

Neoplastic culture showed 

markedly decreased expression 

of both E-cadherin and 

P-cadherin 



Ml 



IT 



1 r 



12 



T f 



1> 



*> r 



m 



K5 



IS 



"i r 



i r 



* * 

t9 C* C3 



t> at cj 



<» d u*J a cj y ■:-»' ^ w * • « •:; a r. « , ; , 



bcta-Actin E-cadhcrin 
(I70bp) (I90bp) 



P-odhtrin 
(220bf>) 




neoplastic 



1 



A. 



2 bDff " (P" r 60 > antigen retrieval. The avidin-biotin 
V^ior *1 SI thod / or # ' mm "»^9chemisiry was utilized from 
P^hL^ b ° ra!onc ? ( Bu 'l»»8a"^ Calir., USA). The E-cadherin 
. n ^ CaICmn> 3nd ^ C3,Cnin antibo *«> a» rnouse mono- 

" om Transduclion Laboiatorics 

Evaluation of immunosiaining 

hi C F"? 1 "? 6 of P° si,ivc intensity of the staining, and cel- 
lular localaaiion of the staining were examined by two independent 
observers using normal prostate epithelium from the same speci- 

Z JLT l "T COntT °!- ^ of ,bc »'«wl*was graded 

as strong, moderate, weak, and negative. The staining pattern of 
the tumor was compared with that of normal epithelium from the 
same specimens. 



Resuhb 



Expression of E-cadherin and P-cadhcrin 

Since many prostate cancers arc known to be histor- 
ically heterogeneous, adjaccnl H&E-slained sections 
ol the tissue fragments sent lo culture were reviewed 



to assess tissue homogeneity and to rule out the presence 
of other diseases. The paired primary cultures for this 
study were selected based on the following histologic 
features: (I) non-neoplastic tissue showed no cancerous 
foci or high-grade prostatic intraepithelial neoplasia 
(PIN); (2) neoplastic sections contained less than 5% 
non-cancerous epithelium. Seven out of 38 pairs of 
cultures met the selection criteria and were included in 
this study. Histologically, all seven cases were moder- 
ately differentiated adenocarcinomas, with GJeason 
scores ranging from 5 to 7 (median = <S). In six of these 
cases, adjacent sections of tumor contained no benign 
prostate epithelium, and in one case (specimen 4), there 
was less than 5% non-cancerous epithelium. Prostate 
stromal cells express HGF, whereas the epithelial cells 
express c-met, the receptor for HGF [17, 20). The cases 
included m this study showed no detectable HGF 
expression after 21 cycles of QMF RT-PCR (data not 
shown). This indicates there was do significant stromal 
cell contamination in the current epithelial cultures. 

QMF-PCR is an accurate method of measuring the 
relative levels of mRNA in small lissue samples [41]. In 
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this study, we used this method to quanlitate the mRNA 
levels of E-cadherin and P cadherin v relative to>actin. 
All the RNA samples contained no DNA contamina- 
tion, as shown by the absence of automated signals when 
RT was omitted from the RT-PCR reactions. We ob- 
served the expected linear increases in /f-actin, E-cadh- 
erin, and P-cadherin signal intensities between cycle 
numbers IS and 24, with a cDNA input corresponding 
to50ng of total RNA. The ratios of 0-actin to 
E-cadherin and P-cadherin were constant, as was the 
E-cadherin/P-cadherin ratio. These results indicated that 
the target genes were consistently amplified in the reac- 
tions. Twenty-one cycles of PCR were chosen for all 
subsequent experiments. In addition, the raw sequencer 
quantitation of peak areas for /J-actin using the same 
cDNA input was similar among the paired primary 
prostate cultures (data not shown); 

When compared with the paired non-neoplastic pri- 
mary cultures and normalized with the 0-actin internal 
controls, four of the neoplastic cultures showed marked 
(>85%) reduction of E-cadherin mRNA levels, with 
one case showing no detectable E-cadherin mRNA. The 
other three neoplastic cultures showed mild- to-moderate 
reductions (Table 2). 

Six of seven neoplastic cultures showed moderately 
to markedly decreased P-cadherin mRNA levels when 
compared with non-neoplastic cultures. Interestingly, 



the four cases showing marked reduction in levels of 
E-cadberin mRNA, and also demonstrated significant 
losses of P-cadherin mRNA. The case with no delectable 
E-cadherin mRNA also demonstrated near total loss 
of P-cadherin mRNA (Case 1). Another case (Case 3), 
with only mjld reduction in E-cadherin mRNA, showed 
no significant change in Prcadberin mRNA. Genetic 
variations among the patients were evident in the 
marked differences in the baseline levels of E-cadberin 
and P-cadherin expression seen in the non-neoplastic 
primary. prostate cultures. 



Expression of ct-catenin and 0-cateniri 

The highly conserved iniracytoplasmic domain of 
the cadherins. interacts with a- and /^catenins, with the 
catenins serving as a link between the cadherins and the 
microfilaments of the cy toskeletori. Six cases of neo- 
plastic cultures showed rnild-to-moderatc reductions in 
a-catenin mRNA levels, ranging from 26 to 62%. These 
cases also demonstrated more severe reductions of 
P-catenin mRNA levels and generally correlated with 
the changes of cadherins in the same specimen (Table 3). 
Interestingly, the case with no significant change of 
P-cadherin mRNA and only a mild loss of E-cadherin 
mRNA also showed no change in mRNA levels of both 



Table 2 E-cadherin and P-cadherin expression in paired non-neoplastic and neoplastic? primary prostate culture derived from prosta- 
lectomy specimens — 



Case 



1 

2 
3 
4 
5 
6 
7 



E-cadherin" 



71.0 
27.4 
18.0 
93.5 
4IJ 
56.7 
53.8 



2.2 

6.4 

0.2 

IZO 

3.0 

1.1 

6.1 



3.7 dt 
12.6 

5.4 
24.4 

8.1 
22.2 



0.3 

1.9 
0.9 
4.0 
1.0 
0.7 



Percentage 


P-cadherin* . 


loss in tumor b 


Non-neoplastic 




too 


65.7 ± 2.0 


86 


53.4 ± 6.5 


30 


88.8 ± 6.5 


94 


87.8 ± 7.0 


41 


30.5 ± 1.4 . 


86 


71.8 ± 2.9 


59 


62.7 ± 3.5 



Tumor 



0.8 
17.8 
86.4 
25.5 
18.1 
17.1 
19.4 



± 

dt 
± 
db 
dt 
± 
± 



0.1 
1.3 
9.5 
2.5 
2.4 
2.2 
22 



PercenUge 
lass in tumor* 



99 
67 
3 
71 
41 
76 
69 



•Level of E-cadherin and P-cadherin are normalized with *actin from the same sample: (E-cadherin or P^dhcrin)/aclin x 100 
b Percentage loss in tumor primary culture: l(N - T)/NJ x 100% 
c ND, not delectable 

Table 3 cCatcnin am) /tolenin expression in paired non-neoplastic and neoplastic primary prostate cultures derived from prosta- 

lectomy specimens . . 



Case 



o-catenin 



Non-neoplastic 



Tumor 



I 

2 
3 
4 
5 
6 
7 



45 .1 
49.2 
48.0 
61. 1 
58.2 
46.7 
43.2 



7.1 
1.6 

5.9 
2.5 
1.8 
4.7 
2.6 



17.3 
36.2 
47.8 
40.8 
27.8 
33.6 
26.4 



0.5 
4.0 
9.0 
2.6 
1.6 
4.7 
1.7 



Percentage loss 


/J-catenin* 




Percentage ^ 
loss in tumor 


in tumor** . 


Non-neoplastic 


Tumor 




62 
26 
< 1 
33 
52 
28 
39 


19.7 ± 3.6 

21.7 dfc 1.5 
40.1 ± 5.3 

36.8 ± 1.8 
29.8 ± 2.0 
31.5 ± 4.2 
22.3 * 1.5 


ND C 
3.9 ± 0.2 
3B.9 * 6.2 

22.1 dt 1.9 

15.2 ± I.I 

13.5 ± 16 

11.6 A 1.4 


100 

82 
3 
40 
49 
57 
48 



* Level of a-cattnm and 0-calenin are normatraea wiin p-acun in 
b Peiccntage loss in lumor primary culture: |(N - T)/N) x 100% 
1 ND, no! detectable 
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a- and /^calenins. Moderate interspecimen variation was 
observed in the baseline expression of a-catenin and 
0-catenin mRNA levels in Ihejion-neoplastic cultures. 



Immunohistoehemical studies of cadherins and calenins 

In benign prostate tissue, E-cadherin was, in all cases, 
uniformly localized to tbe membranes of luminal glanr 
dular epithelial cells, predominantly at cell-cell junctions 
(Tig. 3A). One case of prostate cancer showed complete 
negative staining for E-cadherin (Fig. 3B), and the re- 
maining six cases demonstrated reduced immunoslaining 
for E-cadherin, with 25-75% of cancer cells positive 
(Fig. 3Q. The cancerous glands generally showed re- 
duced signal intensity and an altered heterogeneous 
staining pattern, which included focal cytoplasmic stain- 
ing and reduced membranous staining (Fig, 3C, Table 4). 

Benign prostate tissue, showed uniform basal .cell 
immunoreactivity for Prcadherin, with principally cyto- 
plasmic and focal membranous pattern staining,; The 

Table 4 Immiinohistochcroical expression of cadherins and cate- ■ '- 

colhi're prQSla!CCl0 "! y *P™«w corresponding to primary proslatc Discussion 



benign, glandular non-basal epithelial cells and stromal 
cells were negative for P-cadherin (Fig. 3D) P-cadherin 
immunoreactivity was completely absent in Iwo cases of 
prostate cancer (Fig. 3E), and the remaining five cases 
showed variable focal positivity, which was predomi- 
nantly cytoplasmic (Fig. 3F). This focal P-cadherin 
immunostaining positivity was confirmed by staining 
multiple sections and by using different monoclonal 
antibodies; Jn some cases, serial sections also appeared 
to show immunostaining for both E- and P-cadherins 
with tbe same neoplastic cells. 

In all cases of benign prostate tissue, ct- and /l-catenin 
protein expression showed strong homogeneous staining 
of the luminal glandular epithelium and the basal cells. 
In a pattern similar to that of normal E-cadherin, the a- 
and 0-catenins were localized predominately at luminal 
epithelial cell-cell borders (Fig. 2A, Ql In all cases of 
prostate cancer, there was a mild- to-moderate reduction 
in staining for both catenins with 50-75% of cells 
positive, and the staining tended to be heterogeneous 
(Fig. 2B, D; Table 4). 



Case 


E-cadherio 


P-cadherin 


* a-catCDin 


/?-catenin 


1 






+ + 


+ + 


2 




■ + - 


+ + 


+ + 


3 


+ + + 


+ + 


+ + + 


+ + + 


4 


+ 




+ + 


+ + .+ 


5 


+ + 


+ 


+ + + 


+ + + 


6 


+ + 


+ 


+ + + 


+ + + 


7 


+ +' 




+ + 


+ + + 



7A^!f? livc; <25% P°« tivc ; + + . 25-50% positive; + + + 
50-75V. positive; + + + + t > 75% posilivc 



In this study, we observed a coordinated down-regula 
tion of the expression in the genes involved in the 
cadherin and eaten in mediated cell-cell pathway at the 
mRNA level. The protein levels, as demonstrated by 
the immunohistoehemical studies on the corresponding 
tissue sections, were generally consistent with the 
mRNA data as well as with that reported in the litera- 
ture [18, 33, 34, 38, 39], 

E-cadherin showed the most consistent loss of ex- 
pression at both the mRNA level and the protein level. 



l^K* £A-D Immunohislocbemi- 
cal staining of a- and j?-catenin 
in non-ncoplastk prostate and 
in prostate adenocarcinoma. 
Original magnification xll5. 
A, C Normal membranous 
expression of cr-catcnin and 
/?-catem'n in non-neopfaslic 
prostatic epithelium (Case I). 
B Decreased immunostaining 
for a-calenin in prostate . 
adenocarcinoma (Case I). 
D Decreased and heterogenous 
immunostaining for /^catenin 
in prostate adenocarcinoma 
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Fig. 3 A ImmuDohistochemical 
staining of E- and P-cadberin in 
nonneoplastic prostate and in 
prostate adenocarcinoma. 
Original magnification x) 15. 
A Normal membranous ex- 
pression of E-cadherin in non- 
neoplastic prostatic cpil helium 
(Case IX B.C Complete 
negative (Case 1) and focal 
heterogeneous (Case 3) irrimu- 
noslaining for E-cadherin in 
prostate adenocarcinoma. 
D Normal continuous basal 
layer expression of P-cadherin 
in a portion of non-oeoplastic 
prostatic epithelium (Case I): 
E, F Complete negative . 
(Case I) and mild focal hetero- 
geneous (Case 3) iromunoslain- 
ing for P-cadherin in prostate 
adenocarcinoma 



mm? 




LOH at chromosome 1 6q, where both E-cadherin and 
P-cadherin are located, occurs in up to 30% of prostate 
cancers. Four of our cases showed a greater than 50% 
reduction in mRNA, ranging from 87 to 100%, sug- 
gesting thai mechanisms in addition to LOH may play a 
role in the reduction of E-cadherin mRNA levels below 
that of the 50% predicted by. LOH alone. 

Previous studies have suggested that P-cadherin 
could serve as a specific marker, for basal cell differen- 
tiation and was not expressed in prostate cancer, 
although a recent study has shown focal P-cadberin 
expression in some prostate tumors j 1 8]. In this study, 
we demonstrated P-cadherin mRNA in six of seven 
neoplastic cultures, although it was significantly reduced 
in all six cases. It is, impossible to rule but the possibility 
that some of the P-cadherin mRNA expression may 
have resulted from potential, contamination by small 
numbers of non- neoplastic basal cells admixed with the 
neoplastic cells within the culture material. However, we 
favor the interpretation that low levels of P-cadherins 
are expressed in cultured tumor cells, as well as weakly 
in some tumors in vivo owing to disruption of normal 
gene regulation. This interpretation is favored by the 
presence of focal immunostaining for P-cadherin protein 
in histologically neoplastic cells in five of seven cases. 
The histologic selection criteria (requiring minimal to no 
benign prostate glands) should also have minimized 
major contamination. Despite Ihe presence of mRNA in 
primary tumor cultures and focal positive immu no- 



staining, P-cadberin immunostaining may still serve as a 
useful basal cell marker because the staining pattern was 
distinctly abnormal in the cases where it was focally 
present. 

In this study, the levels of ct- and 0-catenin mRNA 
were aJso lower than normal in six of seven cases, 
though the reductions were relatively less than those of 
cadherins, especially for the o-catenins. Catenin protein 
expression was generally moderate to weak by immu- 
nohistocheroistry and showed a heterogeneous cyto- 
plasmic and weak membranous\ staining pattern. The 
immunopositivily was generally similar in most cases, 
with 25-75% cells showing positivity; The results of the 
immunohistochemical studies were generally consistent 
with the mRNA data; although not in all cases (e.g., 
Case I); perhaps due to tumor heterogeneity. 

In this study, we also observed a coordinated down- 
regulation of E-cadhcrin and the catenins in most cases; 
this was most observable at the mRNA level. The cad- 
herins are tightly regulated during embryogenesis and 
appear to serve the need for precise spa I io- temporal 
regulation. The promoter sequences of both E-cadhenn 
and P-cadherin have been cloned and functionally ana- 
lyzed |2, 5, 10, 15]. Both promoters have similar regu- 
latory elements, such as GC-rich regions and CCAAT 
boxes. Although the two promoters share similar se- 
quences, in vitro binding studies suggest that the two 
promoters are regulated by different transcriptional 
factors [11]. The tissue specificity of these promoters 



314 



appears to be derived by different combinations of a 
relatively few factors common to many types of tissues 

f£?*^ "?1 a ?P*« 10 °Wd from transcription 
factors speafic for each type of tissue. In our study; the 
degree of loss of expression of a- and /1-catenms at the 
?r rV ^ WaS wth reductions in the levels 

e) ? ression - A,lb ° u 6» *e e*act mecba- 
t\T^f c °°r imated down-regulation is not known, 
tte coordinated pattern supports the hypothesis lha 
loss or alteration of some regulatory fectors occurs 
fc!"!?' Progression. Possible mechanisms 
mcJude transcriptional factor alterations or hyper- 
roetbylation of the promoter region 114 431 UmhLi 
jnfbrmaUon is available on the Zj&SJZg. 
.toon of the catemns. but it is possible that simjlar 
mechanisms may play a role. 

exD^ssT„ m onC h, ' S * ,he &S ' £0n, P a "'ive study of the 
atedcell-eelUdhesion pathway at the mRNA level using 
£71* "O^coplastic primary culturj 

v*2n in ,K ° '. S . a markcd P^nt-lo-patien, 

caienins, (2) mRNA levels of E-cadberin as well as 
catemns are s.gn,fica„,| y reduced in some prostate "a^ 
cer primary cultures, and the reduction tends to be to the 

r!™i J' 6 "* '1 B J ch ' tUraor ' su K«'>""g a defect in a 
regulating mechanism common to all of these genes: (3) 
P-cadbenn appears to be present at both the mRNA 
level and the protein level in some prostate cancel Tms 
me^iT it 0Vm - ICeam ° n of E-cadherin and « JT 

mLo, .t heS '°" P 3 '^ ma * P ,a y a c ™*>» role in 
tumor pa thogenesis and metastasis. 
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Down-regulation of prostate-specific antigen expression by finasteride 
through inhibition of complex formation between androgen receptor and 
steroid receptor-binding consensus in the promoter of (he PSA gene in 
LNCaP cells. . 

Wang LG, Liu XM. Kreis W. Budman DR . 

Department of Medicine, New York University, Manhasset 1 1030, USA. 

As a specific competitive inhibitor of 5alpha-reductase, an intracellular enzyme that 
converts testosterone to dihydrotestosterone, finasteride is being extensively used for the 
treatment of benign prostatic hyperplasia and in experimental settings for prostate cancer. 
In this study, we showed that finasteride markedly inhibited prostate-specific antigen 
(PSA) secretion and expression. The promoter of the PSA gene contains several well- 
known cis-regulatory elements. Among them, steroid receptor-binding consensus (SRBC) 
has been identified as a functional androgen-responsive element Our previous study 
showed that PSA was not only present in conditioned medium of the PSA-positive 
LNCaP cells but was also detectable ur small amounts in PSA-negative cell lines, PC-3 
and DU-I45 (L. G. Wang et aL, Oncol. Rep., 3: 91 1-917, 1996). A strong correlation 
between binding of nuclear factors to SRBC and the level of PSA present in the 
conditioned medium and cell extracts was found in these three cell lines, whereas no such 
correlation with binding was obtained using Spl oligonucleotide as a probe. Binding of 
LNCaP cell nuclear proteins to SRBC was diminished when the cells were exposed to 25 
microM finasteride, at which concentration 50% of both PSA mRNA arid protem were 
inhibited. As a major component of DNA-protein complexes, the level of androgen 
receptor was dramatically decreased in the cells treated with finasteride Our data indicate 
that inhibition of complex formation between SRBC and nuclear proteins due to the 
remarkable decrease in the level of androgen receptor plays a key role in the down- 
regulation of PS A gene expression by finasteride in LNCaP cells. 

PMID; 9044850 [PubMed - indexed for MEDLINE] 



452: Cancer Res. 1993 Dec 1 5;53(24):606l-6. 



Related Articles, Links 



Expressiou of -calcyclin ia human melanocyte lesions. 
Wcccrman MA , van Mtiijcn GN , Blocmcrs HP , Ruker DJ , 
Department of Biochemistry, University of Nijmegen, The Netherlands. 

When comparing two subsequent stages of melanocyte tumor progression we identified 
calcyclin as a new potential progression marker, the expression of which was correlated 
with metastatic behavior of various human melanoma cell lines in nude mice. In this 
study, we describe a good correlation between RNA and protein levels in the xenografts 
of these cell lines and extended these experiments to a panel of 120 routinely processed 
human melanocyte cutaneous lesions. Northern blot analysis demonstrated that calcyclin 
RNA expression was elevated in melanoma metastases as compared to several types of 
nevocellular nevi. Calcyclin staining using a specific polyclonal antiserum showed a 
more complex pattern. A stronger staining in a higher percentage of positive cells was 
observed in thick primary melanoma (> or = 1 .5 mm) as compared to thin primary 
melanoma (< 1.5 mm), Calcyclin expression was also present in a higher percentage of 
cells showing a stronger staining in melanomas with higher Clark levels (> II) 
corresponding to the vertical growth phase of primary melanomas. Protein expression in 
nevocellular nevi was confined to the dermal part and was highest in the lower parts of 
the dermis. Remarkably, dysplasttc nevi (atypical moles), potential precursors of 
melanoma, did not show any expression at all, either in junctional or dermal parts. 
Confinement of the expression to the dermal part of nondysplastic nevi and primary 
melanomas may reflect interactions with the microenvironment of the reticular dermis 
that occurs with vertical growth! 

PMID: 8261423 [PubMed - indexed for MEDLINE] 



□ 

28. 



47: J Pharmacol Exp Ther. 2004 Nov;3 1 1(2):728-35. Epub 2004 Jul Related Articles, 

Links 




Estrogen regulation of the cytochrome P450 3 A subfamily in humans. 

Wtlliams ET\ Lcyk M , Wrightou SA . Davies PJ , Loose PS , Shipley GL , Strobel HW . 

Department of Biochemistry, Medical School, University of Texas Health Science Center 
at Houston, 643 1 Fannin, MSB 6.200, Houston, TX 77030, USA. 

This study examines the possible role of estrogen in regulating the expression of the 
human CYP3A subfamily: GYP3A4, CYP3A5, CYP3A7, and CYP3 A43. To accomplish 
this goal, mRNA was quantified from human livers and endometrial samples, and total 
CYP3A protein- levels were evaluated by Western tmmunoblot analysis of the liver 
samples. The human endometrial samples were from premenopausal and postmenopausal 
women. The premenopausal endometrium was either in the proliferative or secretory 
phase, whereas for the postmenpjpausal endometrium samples, the women had been 
treated with either a placebo or estropipate, an estrogen substitute. After analyses, 
CYP3A4mRNA was shown to have lower hepatic expression in females than in males. 
In the endometrium, CYP3A4 and CYP3 A43 are down-regulated by estrogen, whereas 
CYP3 A5 is expressed at higher levels during the secretory phase. CYP3 A7 was not 
detected in the endometrium. In addition, the CYP3 A subfamily showed increased 
mRNA expression in the liver as age increased. The expression levels of total CYP3A 
protein and total CYP3A mRNA showed good correlation. Despite apparent regulation of 
CYP3A4 mRNA expression by estrogen, the effects of estrogen may be overshadowed 
by additional regulators of gene expression. 

PMID: 15282264 (PubMed - indexed for MEDLINE] 
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Severely decreased MARCKS expression correlates wUL ras reversion but 
not with nutogctiic responsiveness. 

YVojtas zck PA , Stumno DJ , Blackshear PJ , Macara rC . 

Department of Pathology, University of Vermont College of Medicine, Burlington 

Phorbol ester-inducible phosphorylation of MARCKS. the '80-kDa' substrate of protein 
kinase C, was undetectable in several phenolypically dominant, non-transformed 
revertants independently derived from the ras-tfansformed cell line NIH3T3 DT-ras 
Extremely low expression of MARCKS protein accounted for this apparent lack of 
phosphorylation. MARCKS-encoding mRNA levels were correspondingly decreased 
relative to normal and ras-transformed cells in all four ras re vertant cell lines studied- C- 
1 1 and 1-2, derived by 5-azacytidine treatment and selection with ouabain- CHP 9CJ 
denvedljy etl iy lmethahe sulfonate mutagenesis and selection with cis-hydroxy-L-pro'line- 
rJl fo^f Y tnmsfection with the ""man Krev-1 gene. However, re-expression' 
01 MARCKS after transfection of a cloned MARCKS cDNA into the C-l 1 ras revertant 
ceils was not sufficient to induce retransformation. In fact, no significant difference in 
sensitivity to autogenic. stimulation by phorbol esters was observed among several cell 
lines expressing widely varying levels of MARCKS. This evidence argues against a 
direct role for MARCKS in autogenic signaling. However, the strong correlation between 
attenuation of MARCIS expression and phenolypically dominant ras reversion suggests 
mat a common negahve regulatory mechanism might be responsible for both effects 
presenting a potentially useful strategy for identifying factors involved in transducing the 
ras signal. 6 
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Abstract 
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Background 

Prostate stem cell antigen (PSCA) is a recently defined homologue of the 
Thy-l/Ly-6 family of glycosylphosphatidylinositol (GPl)-anchored cell 
surface antigens. The purpose of the present study was to examine the 
expression status of PSCA protein and mRIMA in clinical specimens of human 
prostate cancer (Pea) and to validate it as a potential molecular target for 
diagnosis and treatment of Pea. 



Materials and Methods 



Immunohistochemica! (1HC) and in situ hybridization (1SH) analyses of PSCA 
expression were simultaneously performed on paraffin- embedded sections 
from 20 benign prostatic hyperplasia (BPH), 20 prostatic intraepithelial 
neoplasm (PIN) and 48 prostate cancer (Pea) tissues, including 9 androgen- 
independent prostate cancers. The level of PSCA expression was 
semiquantitatively scored by assessing both the percentage and intensity ot 
PSCA-positive staining cells in the specimens. Then compared PSCA 
expression between BPH, P)N and Pea tissues and analysed the correlations 
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of PSCA expression level with pathological grade, clinical stage and 
progression to androgen-independence in Pea. 

Results 

In BPH and low grade PIN, PSCA protein and rnRNA staining were weak or 
negative and less intense and uniform than that seen in HGPJN and Pea 
There were moderate to strong PSCA protein and rnRNA expression in 8 of 
11 (72.7%) HGPIN and in 40 of 48 (83,4%) Pea specimens examined by 
IHC and ISH analyses, with statistical significance compared with BPH 
(20%) and low grade PIN (22.2%) samples (p < 0.05, respectively) The 
expression level of PSCA increased with high Gleason grade, advanced stage 
and progression to androgen-independence (p < 0.05, respectively). In 
addition, IHC and ISH staining showed a high degree of correlation between 
PSCA protein and rnRNA overexpression. 

Conclusions 

Our data demonstrate that PSCA as a new cell surface marker is 
overexpressed by a majority of human Pea. PSCA expression correlates 
positively with adverse tumor characteristics, such as increasing 
pathological grade (poor cell differentiation), worsening clinical stage and 
androgen-independence, and speculatively with prostate carcinogenesis. 
PSCA protein overexpression results from upregulated transcription of PSCA 
rnRNA. PSCA may have prognostic utility and may be a promising molecular 
target for diagnosis and treatment of Pea. 

Outline Introduction 

Abstract- Restate cancer (Pea) is the second leading cause of cancer-related death in 
Jr.rrortur.tion American men and is becoming a common cancer increasing in China. 
Mstc-nois end metiicrf* Despite recently great progress in the diagnosis and management of 

localized disease, there continues to be a need for new diagnostic markers 
that can accurately discriminate between indolent and aggressive variants of 
Pea. There also continues to be a need for the identification and 
characterization of potential new therapeutic targets on Pea cells Current 
diagnostic and therapeutic modalities for recurrent and metastatic Pea have 
been limited by a lack of specific target antigens of Pea 



Discussion 
E?f<:f t rM>:< 



Although a number of prostate-specific genes have been identified (i e 
prostate specific antigen, prostatic acid phosphatase, glandular kallikrein 2) 
the majority of these are secreted proteins not ideally suited for many 
immunological strategies. So, the identification of new cell surface antigens 
•s critical to the development of new diagnostic and therapeutic approaches 
to the management ol Pco. 

Reiter RE et at |1] reported the identification of prostate stem cell antigen 
(PSCA), a cell surface antigen that is predominantly prostate specific The 
PSCA gene encodes a 123 amino acid glycoprotein, with 30% homology to 
stem cell antigen 2 (Sea 2). Like Sca-2, PSCA also belongs to a member of 
the Th y -]/Ly-6 family and is anchored by a glycosylphosphat.dylinositol 
(GPI) linkage. rnRNA in situ hybridization (JSH) located PSCA expression in 
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normal prostate to the basal cell epithelium, the putative stem cell 
compartment of prostatic epithelium, suggesting that PSCA may be a 
marker of prostate stem/progenitor cells. 

In order to examine the status of PSCA protein and mRNA expression in 
human Pea and validate it as a potential diagnostic and therapeutic target • 
for Pea, we used immunohistochemistry (IHC) and in situ hybridization 
(ISH) simultaneously, and conducted PSCA protein and mRNA expression 
analyses in paraffin-embedded tissue specimens of benign prostatic 
hyperplasia (BPH, n = 20), prostate intraepithelial neoplasm (PIN, n = 20) 
and prostate cancer (Pea, n =' 48). Furthermore, we evaluated the possible 
correlation of PSCA expression level with Pea tumorigenesis, grade, stage 
and progression to androgen-independence. 
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Tabfe 1 

Correlation of PSCA 
expression with Gleason 
score 



Tab hi 2 

Correlation of PSCA 
expression with clinical 
stage 



Tissue samples 

AH of the clinical tissue specimens studied herein were obtained from 80 
patients of 57-84 years old by prostatectomy, transurethral resection of 
prostate (TURP) or biopsies. The patients were classified as 20 cases of BPH, 
20 cases of PIN, 40 cases of primary Pea, including 9 patients with recurrent 
Pea and a history of androgen ablation therapy (orchiectomy arid/or 
hormonal therapy), who were referred to as androgen-independent prostate 
cancers. Eight specimens were harvested from these androgen-independent 
Pea patients prior to androgen ablation treatment. Each tissue sample was 
cut into two parts, one was fixed in 10% formalin for IHC and the other 
treated with 4% paraformaldehyde/0.1 M PBS PH 7.4 in 0.1% DEPC for 1 h 
for ISH analysis, and then embedded in paraffin. All paraffin blocks 
examined were then cut into 5 pm sections and mounted on the glass slides 
specific for IHC and ISH respectively in the usual fashion. H&E-stained 
section of each Pea was evaluated and assigned a Gleason score by the 
experienced urologica! pathologist at our institution based on the criteria of 
Gleason score [2]. The Gleason sums are summarized in Table } . Clinical 
staging was performed according to Jewett-whitmore-prout staging system, 
as shown in Table 2. Jn the category of PIN, we graded the specimens into 
two groups, i.e. low grade PJN (grade 1 ~ JI) and high grade PIN (HGP1N, 
grade 111) on the basis of literatures [3,4]. 

Immunohistochemkal (IHC) analysis 

Briefly, tissue sections were deparaffinized, dehydrated, and subjected to 
microwaving in 30 mmol/L citrate buffer, PH 6.0 {Boshide, Wuhan, China) in 
a 900 w oven for 5 min to induce epitope retrieval. Slides were allowed to 
cool at room temperature for 30 min. A primary mouse antibody specific to 
human PSCA (Boshide, Wuhan, China) -with a 1:100 dilution was applied to 
incubate with the slides at room temperature for 2 h. Labeling was detected 
by sequentially adding biotinylated secondary antibodies and strepavidin- 
peroxidase, and localized using 3,3'-diaminoben2idine reaction. Sections 
were then counterslained with hematoxylin. Substitution of the primary 
antibody with phosphate-buffered-saline (PBS) served as a negative- 
staining control. 



t p : // www. w ) s o . c orrt/c on I e n t/2 / ) / 1 3 



5/2 5/2006 



World Journal of Surgical Oik y | Full text | Prostate stem cell antigen (PS expression in ... Page 4 of J2 

mRNA in situ hybridization (ISH) 

Five-pm-thick tissue sections were deparaffinized and dehydrated, then 
digested in pepsin solution (4 mg/ml in 3% citric acid) for 20 min at 37 5°C 
and further processed for ISH. Digoxigenin-labeled sense and antisense 
human PSCA RNA probes (obtained from Boshide, Wuhan, China) were 
hybridized to the sections at 48°C overnight. The posthybridization wash 
with a high stringency was performed sequentialiy at 37°C in 2 x standard 
saline citrate (SSC) for 10 min, in 0.5 x SSC for 15 min and in 0.2 x SSC 
for 30 min. The slides were then incubated to biotinyfated mouse anti- 
d.goxigenin antibody at 37.5°C for 1 h followed by washing in 1 x PBS for 
20 min at room temperature, and then to strepavidin-peroxidase at 37 5°C 
for 20 min followed by washing in 1 x PBS for 15 min at room temperature 
Subsequently, the slides were developed with diaminobenzidine and then 
counterstained with hematoxylin to localize the hybridization signals. 

Sections hybridized with the sense control probes routinely did not show any 
specific hybridization signal above background. All slides were hybridized 
with PBS to substitute for the probes as a negative control. 

Scoring methods 

To determine the correlation between the results of PSCA immunostaining 
and mRNA m situ hybridization, the same scoring manners are taken in the 
present study for PSCA protein staining by IHC and PSCA mRNA staining by 
ISH. Each slide was read and scored by two independently experienced 
urological pathologists using Olympus BX-41 light microscopes the 
evaluation was done in a blinded fashion. For each section, five areas of 
similar grade were analyzed semiquantitative^ for the fraction of cells 
staining. Fifty percent of specimens were randomly chosen and rescored to 
determine the degree of interobserver and intraobserver concordance. There 
was greater than 95% intra- and interobserver agreement. 

The intensity of PSCA expression evaluated microscopically was graded on a 
scale of 0 to 3+ with 3 being the highest expression observed (0, no 
staining; J + , mildly intense; 2-\ , moderately intense; 3+, severely intense) 
The staining density was quantified as the percentage of celts staining 
positive for PSCA with the primary antibody or hybridization probe; as 
follows: 0 = no staining; 1 - positive staining in <25% of the sample- 2 = 
positive staining in 25%-50% of the sample; 3 = positive staining in >50% 
of the sample. Intensity score (0 to 3+) was multiplied by the density score 
(0-3) to give an overall score of 0-9 | J ,5]. In this way, we were able to 
differentiate specimens that may have had focal areas of increased staining 
from those that had diffuse areas of increased staining |6J. The overall score 
for each specimen was then categorically assigned to one of the following • 
groups: 0 score, negative expression; \-2 scores, weak expression- 3-6 
scores, moderate expression; 9 score, strong expression. 

Statistical analysis 

Intensity and density of PSCA protein and mRNA expression in BPH PIN and 
Pea tissues were compared using the Chi-square and Student's Ntest 
Univariate associations between PSCA expression and Gleason score clinical" ■ 
■ stage and progression to ondrogen-independence were calculated using 
Fisher's Exact Test. For all analyses, p < 0.05 was considered statistically 
significant. 
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Outline Results 

PSCA expression in BPH 

In general, PSCA protein and mRNA were expressed weakly in individual 
samples of BPH. Some areas of prostate expressed weak levels (composite 
score 1-2), whereas other areas were completely negative (composite score 
0). Four cases (20%) of BPH had moderate expression of PSCA protein and 
mRNA (composite score 4-6) by }HC and ISH. In 2/20 (10%) BPH 
specimens, PSCA mRNA expression was moderate (composite score 3-6), 
but PSCA protein expression was weak (composite score 2) in one and 
negative (composite score 0) in the other. PSCA expression was localized to 
the basal and secretory epithelial ceils, and prostatic stroma was almost 
negative staining for PSCA protein and mRNA in. all cases examined. 

PSCA expression in PIN 

In this study, we detected weak or negative expression of PSCA protein and 
mRNA (^2 scores)*in 7 of 9 (77.8%) low grade PIN and in 2 of 31 (38.2%) 
HGPIN, and moderate expression (3-6 scores) in the rest 2 low grade PIN 
and 5 of 3 3 (45.5%) HGPIN. One HGPIN with moderate PSCA mRNA 
expression (6 score) was found weak staining for PSCA protein (2 score) by 
IHC. Strong PSCA protein and mRNA expression (9 score) were detected in 
the remaining 3 of 11 (27.3%) HGPIN. There was a statistically significant 
difference of PSCA protein and mRNA expression levels observed between 
HGPIN and BPH (p < 0.05), but no statistical difference reached between 
low grade PIN and BPH (p > 0.05). 

PSCA expression in Pea 

In order to determine if PSCA protein and mRNA can be detected in prostate 
cancers and if PSCA expression levels are increased in malignant compared 
with benign glands, Forty-eight paraffin-embedded Pea specimens were 
analysed by IHC and ISH. It was shown that 39 of 48 (39.6%) Pea samples 
stained very strongly for PSCA protein and mRNA with a score of 9 and 
another 23 (43.8%) specimens displayed moderate staining with scores of 
4-6 (Figure 1). In addition, 4 specimens with moderate to strong PSCA 
rnRNA expression (scores of 4-9) had weak protein staining (a score of 2) 
by IHC analyses. Overall, Pea expressed a significantly higher level of PSCA 
protein and mRNA than any other specimen category in this study (p < 
0.05, compared with BPH and PIN respectively). The result demonstrates 
that PSCA protein and mRNA are overexpressed by a majority of human 
Pea. 

Correlation of PSCA expression with Gleason score in Pea 

Using the serni-quantitative scoring method as described in Materials and 
Methods, we compared the expression level of PSCA protein and mRNA with 
Gleason grade of Pc3, as shown in I able .1 . Prostate adenocarcinomas were 
graded by Gleason score as 2-4 scores = well- differentiation, 5-7 scores = 
moderate-differentiation and 8-30 scores poor- differentiation [?]. 
Seventy- two percent of Gleason scotes 8- 3 0 prostate cancers had very 
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Representatives of PSCA 
IHC and ISH staining in Pea 
(A. IHC staining, B. ISH 
staining, x200 
magnification) 
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strong staining of PSCA compared to 21% with Gleason scores 5-7 and 17% 
with 2-4 respectively, demonstrating that poorly differentiated Pea had 
significantly stronger expression of PSCA protein and mRNA than 
moderately and well differentiated tumors (p < 0.05). As depicted in Figure 
1, IHC and 1SH analyses showed that PSCA protein and mRNA expression in 
several cases of poorly differentiated Pea were particularly prominent, with 
more intense and uniform staining. The results indicate that PSCA 
expression increases significantly with higher tumor grade in human Pea. 

Correlation of PSCA expression with clinical stage in Pea 

With regards to PSCA expression in every stage of Pea, we showed the 
results in Table 2. Seventy- five percent of locally advanced and node 
positive cancers (i.e. C-D stages) expressed statistically high levels of PSCA 
versus 32.5% that were organ confined (i.e. A-B stages) (p < 0.05). The 
data demonstrate that PSCA expression increases significantly with 
advanced tumor stage in human Pea. 

Correlation of PSCA expression with androgen- 
independent progression of Pea 

• All 9 specimens of androgen-independent prostate cancers stained positive 

for PSCA protein and mRNA. Eight specimens were obtained from patients 
managed prior to androgen ablation therapy. Seven of eight (87.5%) of 
these androgen-independent prostate cancers were in the strongest staining 
category (score = 9), compared with three out of eight (37.5%) of patients 
with androgen-dependent cancers (p < 0.05). The results demonstrate that 
• PSCA expression increases significantly with progression to androgen- 

independence of human Pea. 

H is evident from the results above that within a majority of human prostate 
cancers the level of PSCA protein and mRNA expression correlates 
significantly with increasing grade, worsening stage and progression to 
androgen-independence. 

Correlation of PSCA immunostaining and mRNA in situ 
hybridization 

In all 88 specimens surveyed herein, we compared the results of PSCA IHC 
staining with mRNA 1SH analysis. Positive staining areas and its intensity 
and density scores evaluated by IHC were identical to those seen by 1SH in 
79 of 88 (89.8%) specimens (18/20 BPH, 39/20 PJN and 42/48 Pea 
respectively). Importantly, 27/27 samples with PSCA mRNA composite 
scores of 0-2, 32/36 samples with scores of 3-6 and 22/24 samples with a 
score of 9 also had PSCA protein expression scores of 0-2, 3-6 and 9 
respectively. However, in 5 samples with PSCA mRNA overall scores of 3-6 
and in 2 with scores of 9 there were less or negative PSCA protein 
expression (i.e. scores of 0-4), suggesting' that this may reflect 
posttranscriptional modification of PSCA or that the epitopes recognized by 
PSCA mAb may be obscured in some cancers. The data demonstrate that 
.the results of PSCA immunostaining were consistent with those of mRNA 
ISH analysis, showing a high degree of correlation between PSCA protein 
and rnRNA expression. 
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PSCA is homologous to a group of cell surface proteins that mark the 
earliest phase of hematopoietic development. PSCA mRNA expression is 
prostate-specific in normal male tissues and is highly up-regulated in both 
androgen-dependent and-independent Pea xenografts (LAPC-4 tumors). We 
hypothesize that PSCA may play a role in Pea tumorigenesis and 
progression, and may serve as a target for Pea diagnosis and treatment. In 
this study, 1HG and ISH showed that in general there were weak or absent 
PSCA protein and mRNA expression in BPH and low grade PIN tissues. 
However, PSCA protein and mRNA are widely expressed in HGPIN, the 
putative precursor of invasive Pea, suggesting that up-regulation of PSCA is 
an early everit in prostate carcinogenesis. Recently, Reiter RE et al [1], 
using ISH analysis, reported that 97 of 118 (82%) HGPIN specimens stained 
strongly positive for PSCA mRNA. A very similar finding was seen on mouse 
PSCA (mPSCA) expression in mouse HGPIN tissues by Tran C. P et al [S]. 
These data suggest that PSCA may be a new marker associated with 
transformation of prostate ceils and tumorigenesis. 



We observed that PSCA protein and mRNA are highly expressed in a large 
percentage of human prostate cancers, including advanced, poorly 
differentiated, androgen-independent and metastatic cases. Fluorescence- . 
activated cell. sorting and confocal/ immunofluorescent studies 
demonstrated cell surface expression of PSCA protein in Pea cells [9]. Our 
IHC expression analysis of PSCA shows not only cell surface but also 
apparent cytoplasmic staining of PSCA protein in Pea specimens (Figure * ). 
One possible explanation for this is that anti-PSCA antibody can recognize 
PSCA peptide precursors that reside in the cytoplasm. Also, it is possible 
that the positive staining that appears in the cytoplasm is actually from the 
overlying cell membrane [5). These data seem to indicate that PSCA is a 
novel cell surface marker for human Pea. 



Our results show that elevated level of PSCA expression correlates with high 
grade (i.e. poor differentiation), increased tumor stage and progression to 
androgen-independence of Pea. These findings support the original IHC 
analyses by Gu Z et al [9], who reported that PSCA protein expressed in 
94% of primary Pea and the intensity of PSCA protein expression increased 
with tumor grade, stage and progression to androgen-independence. Our 
results also collaborate the recent work of Han KR et al |3 0], in which the 
significant association between high PSCA expression and adverse 
prognostic features such as high Gleason score, seminal vesicle invasion and 
capsular involvement in Pea was found. It is suggested that PSCA 
overexpression may be an adverse predictor for recurrence, clinical 
progression or survival of Pea. Hara H et al [J 1] used RT-PCR detection of 
PSA, PSMA and PSCA in ] ml of peripheral blood to evaluate Pea patients 
with poor prognosis. The results showed that among 53 PCa patients, each 
PCR indicated the prognostic value in the hierarchy of PSCA> PSA> PSMA RT- 
PCR, and extraprostatic cases with positive PSCA PCR indicated lower 
disease-progression- free survival than those with negative PSCA PCR, 
demonstrating that PSCA can be used as a prognostic factor. Dubey P et al 
[]?] reported that elevated numbers of PSCA t- cells correlate positively 
with the onset and development of prostate carcinoma over a long time 
span in the pioslates of the TRAMP and PTEN r/- models compared with its 
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normal prostates. Taken together with our present findings, in which P5CA 
is overexpressed from HGPIN to almost frank carcinoma, it is reasonable . 
and possible to use increased PSCA expression level or increased numbers 
of PSCA-positive cells in the prostate samples as a prognostic marker to 
predict the potential onset of this cancer. These data raise the possibility 
that PSCA may have diagnostic utility or clinical prognostic value in human 
Pea. 

The cause of PSCA overexpression in Pea is not known. One possible 
mechanism is that it may result from PSCA gene amplification. In humans, 
PSCA is located on chromosome 8q24.2 [1], which is often amplified in 
metastatic and recurrent Pea and considered to indicate a poor prognosis 
[13-15]. Interestingly, PSCA is in close proximity to the c-myc oncogene, 
which is amplified in >20% of recurrent and metastatic prostate cancers 
[16,17). Reiter RE et al [18] reported that PSCA and MYC gene copy 
numbers were co-amplified in 25% of tumors (five out of twenty), 
demonstrating that PSCA overexpression is associated with PSCA and MYC 
coamplification in Pea. Gu Z et al [9] recently reporteted that in 102 
specimens available to compare the results of PSCA immunostaining with 
their previous mRNA ISH analysis, 92 (90.2%) had identically positive areas 
' of PSCA protein and mRNA expression. Taken together with our findings, in 
which we detected moderate to strong expression of PSCA protein and 
mRNA in 34 of 40 (85%) Pea specimens examined simultaneously by 1HC 
and ISH analyses, it is demonstrated that PSCA protein and mRNA 
overexpressed in human Pea, and that the increased protein level of PSCA 
was resulted from the upregulated transcription of its mRNA. 

At present, the regulation mechanisms of human PSCA expression and its 
biological function are yet to be elucidated. PSCA expression may be 
regulated by multiple factors [13]. Watabe T et al [19] reported that 
transcriptional control is a major component. regulating PSCA expression 
levels. In addition, induction of PSCA expression may be regulated or 
mediated through cell-cell contact and protein kinase C (PKC) [20). 
Homologues of PSCA have diverse activities, and have themselves been 
involved in carcinogenesis. Signalling through SCA-2 has been demonstrated 
to prevent apoptosis in immature thymocytes (2J). Thy- 3 is involved in T 
cell activation and transducts signals th rough src-like tyrosine kinases [22].. 
Ly-6 genes have been implicated both in tumorigenesis and in cell-cell 
adhesion \2 -25]. Cell-cell or cell-matrix interaction is critical for local tumor 
growth and spread to distal sites. From its restricted expression in basal 
cells of normal prostate and its homology to SCA-2, PSCA may play a role in 
stem/progenitor cell function, such as self-renewal (i.e. anti-apoptosis) 
and/or proliferation [1]. Taken together with the results in the present 
study, we speculate that PSCA may play a role in tumorigenesis and clinical 
progression of Pea through affecting cell transformation and proliferation. 
From our results, it is also suggested that PSCA as a new cell surface 
antigen may have a number of potential uses in the diagnosis, therapy and 
clinical prognosis of human Pea. PSCA overexpression in prostate biopsies 
could be used to identify patients at high risk to develop recurrent or 
metastatic disease, and to discriminate cancers from norma! glands in 
prostatectomy samples. Sirnilaily, the detection of PSCA- overexpressing 
cells in bone marrow or peripheral blood may identify and predict metastatic 
progression better than current assays, which identify only PSA- positive or 
PSMA- positive prostate cells. 
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In summary, we have shown in this study that PSCA protein and mRNA are 
maintained in expression from HGPIN through all stages of Pea in a majority 
of cases, which may be associated with prostate carcinogenesis and 
correlate positively with high tumor grade (poor cell differentiation), 
advanced stage and androgen- independent progression. PSCA protein 
overexpression is due to the upregulation of its mRNA transcription. The 
results suggest that PSCA may be a promising molecular marker for the 
clinical prognosis of human Pea and a valuable target for diagnosis and 
therapy of this tumor. 
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Expression of superoxide dismntases, catalase, and glutathione peroxidase 
in glioma cells, 

Zhopg W , YanT, LimR, Oberley LW . 

CUy'S^ 11 ^ 011 Lab ° rat0ry ' De P arbnent of Radiology, The University of Iowa, Iowa 

Four primary antioxidant enzymes were measured in both human and rat glioma cells 
Both manganese-containing superoxide dismutase (MnSOD) and copper-zinc-containing 
superoxide dismutase (CuZnSOD) activities varied greatly among the different glioma 
cell hnes. MnSOD was generally higher in human glioma cells than in rat glioma cells 
and relatively higher than in other tumor types. High levels of MnSOD in human glioma 
cells were due to the high levels of expression of MnSOD mRNA and protein. 
Heterogeneous expression of MnSOD was present in individual glioma cell lines and 
may be due to subpopulations or cells at different differentiation stages. Less difference 
m CuZnSOD, catalase, or glutathione peroxide was found between human and rat glioma 
cells, The human glioma cell lines showed large differences in sensitivity to the 
glutathione modulating drugs 1 ,3-bis (2-chloroethyl)-l-nitrosourea (BCNU) and 
butluonine sulfoximine (BSO). A good correlation was found between sensitivity to 
BCNU.and the activities of catalase in these cel{ lines. Only one cell line was sensitive to 
BSO and this line had low CuZnSOD activity. 
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[Expression ofliumau telomerase reverse transcriptase in cervix cancer 
and its significance) 

[Article in Chinese] 

XjJL, ZhuT, Wu P , Xn Q , Huang L UKZ, L» YP , Ma D , 

Department of Obstetrics and Gynecology, f ongji Hospital, Tongji Medical College, 
Huazhong University of Science and Teclinology, Wuhan 430030, China, 

OBJECTIVE: To investigate the expression of human telomerase reverse transcriptase 
(hTERT) mRNA and protein in cervix cancer, cervical intraepithelial neoplasia (CIN) 
and normal cervix. METHODS: Expression of hTERT mRNA and the other two subunits 
of telomerase, human telomerase RNA component (hTR), human telomerase-associated 
protein (hTPl) was determined by RT-PCR in 3 cervix cancer cell lines, 2 diploid cell 
lines, 38 cases of cervix cancer, 16 cases of CIN and 20 cases of normal cervix. 
Telomerase activity was also examined by telomeric repeat amplification protocol 
enzyme-linked immunosorbent assay (TRAP-ELISA). Expression of hTERT protein was 
detected in all the cell lines and 101 cases of paraffmized cervix tissue sections. 
RESULTS: hTERT mRNA expression was detected in all of the three cervix cancer cell 
lines, 81.6% of cervix cancer, 37.5% of CIN, 5.0% of normal cervix, while in neither of 
the two diploid cell lines. The other two subunits of telomerase were prevalently 
expressed in all of the cell lines and most cervix tissues. There was a strong correlation 
between hTERT mRNA expression and telomerase activity. Immunostaining also 
revealed that hTERT protein was expressed in all three cervix cancer cell lines, 65 5% of 
cervix cancer, 28.0% of CIN and 4.8% of normal cervix. CONCLUSION: Up -regulation 
of hTERT may play an important role in the development of CIN and cervix cancer, 
hTERT could be used as an early diagnostic biomarker for cervix cancer. 

PMID: 16008894 [PubMed - in process] 
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Gene expression signatures and biomarkers of noninvasive and invasive 
breast cancer cells: comprehensive profiles by representational difference 
analysis, microarrays and proteomics 
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>Ve have characterized comprehensive transcript . and. 
proteomic profiles of cell lines corresponding to normal 
breast (MCF10A), noninvasive breast cancer (MCF7) and 
invasive breast cancer (MDA-MB-231). The transcript 
profiles were first analysed by a modified protocol for 
representational difference analysis (RDA) of cDNAs 
between MCF7 and MDA-MB-231 cells. The majority of 
'genes identified by RDA showed nearly complete con- 
Vcordance with microarray results, and also led to the 
identification of some differentially expressed genes such 
as lysyl oxidase, copper transporter ATP7A, EphB6, 
RUNX2 and a variant of RUNX2. The altered transcripts 
identified by microarray analysis were involved in cell-cell 
or cell-matrix interaction, Rho signaling, calcium home- 
ostasis and copper-binding/seositive activities. A set of 
nine genes that included GPCR11, cadherin 11, annexin 
Al, vimentin, lactate dehydrogenase B (opregulated in 
MDA-MB-231) and GREB1, S100A8, amyloid fi pre- 
cursor protein, claudin 3 and cadherin 1 (downregulated in 
MDA-MB-231) were sufficient to distinguish MDA-MB- 
231 from MCF7 cells. The downreguiation of a set of 
transcripts for proteins involved in cell-cell interaction 
indicated these transcripts as potential markers for 
invasiveness that can be detected by methylation-specific 
PCR. The proteomic profiles indicated altered abundance 
of fewer proteins as compared to transcript profiles. 
Antisense knockdown of selected transcripts led to 
inhibition of cell proliferation that was accompanied by 
altered proteomic profiles. The proteomic profiles of 
antisense transfectants suggest the involvement of pepti- 
dyl-prolyl isomerase, Raf kinase inhibitor and 80kDa 
protein kinase C substrate in mediating the inhibition of 
cell proliferation. 

Oncogene (2006) 25, 2328-2338. doi: 10. 1038/sj.onc. 1209265; 
published online 28 November 2005 , 
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Introduction 

The transformation of a normal cell into a cancer cell 
has been correlated to altered expression of a variety of 
genes (Perou et al, 2000; Becker et al, 2005). The 
expression of some of these genes is a direct result of 
sequence mutation, whereas other changes occur due to 
alterations in gene products that participate in specific 
pathways. The changes in gene expression have been 
routinely characterized by classical subtraction hybridi- 
zation and differential display approaches (Cerosaletti 
et al, 1995; Alpan et al, 1996). With the availability 
of the human genome sequence and sequences for a 
number of other model organisms, traditional methods 
have largely been replaced by gene microarrays 
(Khan et al, 2001). These analyses have been used to 
characterize the molecular basis of a variety of diseases 
including cancer. A comprehensive analysis of a large 
number of cancer cell lines allowed clustering of genes 
into groups based on their expression patterns in 
phenotypically related cell lines (Khan et a/., 2001; 
Dan et al, 2002; Rosenwald et al, 2002; van't Veer 
et al, 2002). The results of profiling experiments 
indicated expression of specific gene clusters in cell lines 
that have the same origin or have arisen from the same 
organ (Ross et al, 2000). A complementary approach 
that has been used in limited ways is proteomics. 
Proteomics scores for changes in different proteins 
and peptides in cells with characteristic pheno- 
typic differences. However, a comparative analysis of 
transcripts and ptfoteins to establish a relationship 
between transcript changes and protein levels has not 
yet become routine. } ( 

Although expression profiling of tumor tissue and its 
comparison with normal tissue, in principle, is most 
appropriate to obtain the genetic signatures of a turner 
type, such comparisons have not been free of Uttendant . 
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complications. These complications arise due to hetero- 
geneity of tumor specimens wherein any cell type- 
specific changes are likely to be masked by other cell 
types that constitute the tumor specimen. For this 
reason, well-characterized cell lines established 
from tumor tissue may prove more informative and 
have been considered useful by cancer researchers. 
Comparing gene profiles between cell lines has the 
potential to reveal genes that could be causative for 
the phenotype and other genes that can serve as tumor 
biomarkers. 

Our investigations are aimed at designating a subset 
of transcripts that could distinguish a normal breast cell 
from a breast cancer cell and help to predict tumorigenic 
or metastatic potential of a transformed cell. We 
describe here transcript and proteomic profiles of a 
normal breast cell line, a tumorigenic but noninvasive 
breast carcinoma cell line and an invasive breast 
carcinoma cell line, and summarize them as a set of 
candidate biomarkers or targets for therapeutic inter- 
vention. The comparison of transcript profiles with 
proteomic profiles demonstrated that altered proteins 
were not always represented in the microarray desig- 
nated profiles and vice versa. Furthermore, we have 
targeted five transcripts that were upregulated in MCF7 
cells for investigating their role in cell proliferation 
pathways. The proteomic profiles have revealed that 
inhibition of cell proliferation by antisense knockdown 
was mediated by a specific set of proteins. 



Results 

Representational difference analysis 
As described in the Materials and methods section, 
RDA was performed by using cDNAs from MCF7 and 
MD A-MB-23 1 as tester/driver or driver/tester combina- 
tion. The difference product in the first case represents 
the genes that are either upregulated in or specific to 
MCF7. On the other hand, the difference product of 
MD A-MB-23 1 (tester) and MCF7 (driver) hybridiza- 
tion resulted in the isolation of cDNAs that are either 
upregulated in or specific to MDA-MB-231. The initial 
linkers used in this protocol had internal BgM sites. 
One strand of the linker was used to amplify both the 
tester and driver cDNAs after linkers had been ligated 
to cDNAs. After removal of linkers from amplified 
cDNAs by digestion with BgKl, a dephosphorylated 
BgKl adaptor was ligated to tester DNA. The BglR 
adaptor had an internal EcoKl site. The difference 
product was digested with EcoRl and cloned in pBlue- 
Script vector. The cloning efficiency of the difference 
product was very low (5 x 10 4 c.f.u.//ig of DNA). The 
low efficiency of cloning is attributed to a substantial 
fraction of amplified DNA product that is refractory to 
restriction digestion. The sequencing of a set of 100 
clones each from the difference libraries revealed 50 
different kinds of clones. The majority of these 
sequences were short fragments and represented either 
3' regions or internal /ragments of transcripts. A 
summary of these clones is presented in Table 1. The 
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involvement of the majority of these cDNAs is well 
characterized either in tumorigenesis or in metastasis. 
The phenotypic characteristics of MCF-7 and MDA- 
MB-23 1 ideally match with the biological significance of 
these genes. The alterations in transcripts for Rho 
signaling proteins, Ca 2+ binding/requiring proteins, 
tight junctions/anchoring junctions/gap junctions, cop- 
per binding or sensitive proteins, and RUNX2 are 
particularly noteworthy. : 

The differential expression of a representative number 
of RDA clones was validated by semiquantitative PCR. 
As shown in Figure 1, these transcripts were either 
specific to or upregulated in the cell line that was used as 
a tester. Such analyses demonstrated that more than 
90% of the clones were differentially expressed. The 
abundance of transcripts and the results of RT-PCR 
were also confirmed by Northern blotting (Figure 2). 
The pattern of hybridization clearly indicates that all 
these transcripts showed differential expression in 
MCF7 and MDA-MB-231 cells that were used as 
driver/tester combinations for the RDA. 



Gene microarrays 

After obtaining preliminary molecular signatures of 
MCF7 and MDA-MB-231 cells by RDA, we used 
Affymetrix gene micoarrays to expand the above 
analysis to identify a comprehensive set of transcripts 
that is deregulated in invasive breast carcinoma cells. 
The comparisons of cell lines on the basis of transcripts 
that are either present or absent as shown in Figure 3 
revealed that a set of 123 genes distinguishes JMDA-MB- 
231 cells from MCF7 and MCF10A. These genes can be 
classified by their involvement in functional classes such 
as transcription, signal transduction, cell adhesion, cell 
cycle, metabolism, transjport, response genes and devel- 
opment (Figure 4). The majority of these genes 
participated in the process of signal transduction 
followed by transcription, cell adhesion and metabo- 
lism, respectively. A few transcripts in these classes were 
tested by real-time RT-PCR to confirm their altered 
abundance. The selected transcripts showed changes 
ranging between two- and 10-fold, 11- and 20-fold and 
greater than 20-fold, and were in close agreement with 
the results of microarray analysis. The qualitative 
pattern of change observed in microarrays analysis 
was readily reproduced by real-time or semiquantitative 
RT-PCR for all transcripts tested. 

The number of altered transcripts was over 1000 
based on a change of twofold or greater, and a majority 
of these genes show changes varying between two- and 
fourfold (Figure 5). Interestingly, with all comparisons 
combined, there were 21 genes downregulated more 
than 50-fold and 55 genes that were upregulated more 
than 18-fold when specific cell line pairs were compared 
(Figure 5). The transcripts that represent the extremes of 
upregulated and downregulated scale can allow distinc- 
tion between MCF7 and MDA-MB-231 cells. These 
transcripts include GPCR11, cadherin 11, annexin 
Ai, vimentin, lactate dehydrogenase B (upregulated 
in ' MDA-MB-231) and GREB1, S100A8, amyloid 
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Table 1 Differentially expressed transcripts identified by RDA 



Upregulated in MDA-MB-231 



Downregutated in MDA-MB-231 



Extracellular matrix/ mat rix-crosslinking proteins 
LOX 

Lamihin /M 
. Collagen Vl-<x 1 

Calcium-binding proteins 
Reticulocalbin 1 
S100A8 
Cullin 5 

Transcription factors/ promoter-binding proteins 
RUNX2 
c-Jun 
Fra-1 

Cell-cell adhesion/ cell-surface receptor proteins: 

Cdhll 
CVR61 

MHC class II antigen y chain 
Protease-activated receptor- 1 
Protease-activated receptor-4 



ATPaselGTPase and signal transduction proteins 
ATP7a 
Caveolin 2 

AXL receptor tyrosine kinase 
Rho GEF 3 
Rho/RacGEF 18 
P21-Rac2 

Metalloproteases and MMP inhibitor proteins 
TIMP-2 
MT1-MMP 

Stress-response proteins 
Dual specificity phosphatase (DUSP) 

Cytoskeletal component and binding proteins 
Moesin 
Vimentin 
Filamin B 

CeU-cycle regulation and growth/ differentiation! apoptosis proteins 
Cyclin Bl 
Cyclin E 
Cyclin A2 
Bcl2-like 1 protein 

Secreted proteins and growth factors 
Milk fat globule protein 
TGFhx 

SMAD-specific E3 ub ligase 2 

Miscellaneous 
Prion protein 



Calcium-binding proteins 
Calgranulin B 

* 

Transcription factors/promoter-binding proteins: 
Chromosome 4 ORF 
Estrogen receptor 1 
RUNX2 variant (exon 8 deleted) 

Cell-cell adhesion/cell-surface receptor proteins 
Claudin 3 

Amyloid ft precursor protein 
Triose phosphate isomerase 
PlaJcoglobin 
Cdh 1 
Cdh 3 

Annexin A9 

RAR-oc- . 

Connexin 31 

ATPase/GTPase and signal transduction proteins 

RhoD 

RhoB 

TGF-0 Rl 
Stress-response proteins 

Protein kinase HI 1 

Cytoskeletal component and binding proteins 
Keratin 18 
Tubulin 6 1 

Microtubule-associated protein t 

Cell-cycle regulation and growth/ differ entiation/apoptosis proteins 
S100A13 
S100C 

Aurora kinase AIK2 
Nucleosidediphosphate kinase 

Secreted proteins and growth factors 

Trefoil factor 3 (TFF3) 

Trefoil factor 1 (TFF1) 

Four and a half LIM domain I 

Solute carrier family 16SLC16A6 
DNA replication 

DNA replication complex GINS-PSF2 

Miscellaneous 
Serine protease inhibitor type 1 (SPINT1) 
Human homolog of Xenopus protein XAG 
Hypothetical protein FLJ22222 
Hypothetical protein 20 1 7 1 
Hypothetical protein MGC3265 



P precursor protein, claudin 3 and cadherin 1 (down- 
regelated in iypDA-MB-231). The distinction between 
MCF7 and MCplOA may be made based on keratin 19, 
serine protease, amyloid 0 precursor, neuropeptide Y ) 
receptor Yl (uptfegulated in MCF7) and caldesmon, 
annexin &A1, epithelial membrane protein 1, S100A2, 



keratin 15 (downregulated in MCF7). Likewise, 
MDA-MB-231 cells differ from MCF10A in vimentin, 
epithelial membrane protein 3, cadherin 11, GPCR 
116, collagen type XM a 1, Bcl2-associated athanogene 
2 (upregulated in MDA-MBf-231) and keratin 15, 
cystatin A, cadherin 1, CD24, calcium-activated chlor- 
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ide channel, S100P, GPCR 87 (downregulated in 
MDA-MB-231). Thus, a small subset of transcripts 
may serve as an accurate signature of these cell lines. 
Several of these gene products have been shown to 
participate in tumorigenesis and invasiveness of breast 
carcinoma cell lines. 

The invasiveness phenotype of MDA-MB-231 cells 
specifically relates to changes in the following functional 
classes: (a) cell adhesion molecules, (b) Ca 2+ requiring, 
Ca 2+ binding or Ca 2+ regulatory genes, (c) copper- 
sensitive or copper-transporting proteins and (d) specific 
regulatory proteins of Rho signaling. Among these 
functional groups, 23 transcripts involved in cell-cell 
or cell-matrix interactions are underexpressed in MDA- 
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MB-231 cells and 21 transcripts were overexpressed in 
this cell line (Table 2). The comparison of Ca 2+ - 
requiring/binding genes indicated downregulation of 
26 transcripts and upregulation of 26 transcripts in 
invasive cells as compared to noninvasive cells (Table 3). 
While Ca 2+ homeostasis is extensively investigated in 
human cancers, copper homeostasis is an underexplored 
area. The alterations in copper homeostasis in breast 
carcinoma cells were reflected by changes in trans- 
cripts corresponding to a variety of copper-binding or 
copper-sensitive proteins/enzymes (Tables 1 and 4). The 
deregulation of RJio signaling was evident from changes 
in various proteins involved in this pathway (Table 4). 
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Figure 1 Semiquantitative evaluation of selected transcripts, (a) 
RNA was isolated from confluent culture dishes containing 
MCFIOA (lanes 1 and 4), MCF7 (lanes 2 and i) ox MDA-MB- 
231 (lanes 3 and 6) cells. The amount of RNA was first determined 
spectrophometrically. Equal amounts of RNA, as determined by 
absorbance at 260 nm, were amplified with primers specific to actin 
gene for 18 cycles (lanes 1-3) or 20 cycles (lanes 4-6). The lane 
containing size markers is labeled as M. (b) A set of primers 
corresponding to caveolin 2 (lanes 1 and 2), TGF-oc (lanes 3 and 4), 
Moesin (lanes 5 and 6), LOX (lanes 7 and 8), Axl receptor (lanes 9 
and 10), RhoD (lanes II and 12), S100A13 (lanes 13 and 14), TFF3 
(lanes 15 and 16) and Claudin 3 (lanes 17 and 18) were amplified 
for 32 cycles. Lanes 1, 3, 5, 7, 9, 12, 14, 16 and 18 represent 
amplified products from MCF7 and lanes 2, 4, 6, 8, 10, 1 1, 13, 15 
and 17 represent MDA-MB-231 cells. Hie lanes containing PCR 
products from MDA-MB-231 cells are marked with an asterisk. 
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Figure 2 Analysis of selected transcripts by Northern hybridiza- 
tion. The probes specific to CD74 (a), CYR61 (b), SPINT1 (c) and 
DUSP (d) were labeled with a "P nucleotide and hybridized to 
blots containing RNA from MCF10A (lane 1), MCF7 (lane 2) 
and MDA-MB-231 (lane 3). The blots were washed stringently and 
developed as described. The amounts of RNA loaded were 
normalized as in Figure 1 . 
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Figure 3 Comparison of cell lines based on the presence or absence of transcripts. The absence or presence of a transcript in the 
Affymetrix chip was scored by the fluorescence read-out as described in the Materials and methods section. 
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Functional classes of transcripts that differentiate a cell line pair. The transcripts identified as present or absent 
based on their functional importance. 
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Figure 5 Distribution of altered number of transcripts as a 
function of fold change. The altered transcripts were categorized in 
groups based on the magnitude of change in their abundance. 



Table 2 Cell adhesion molecules altered in breast carcinoma cells 
Upregulated in MDA-MB-231 Downregulated in MDA-MB-231 



Cadherin 4 


Claudin3 


Cadherin 11 


Cadherin- 1 


Catenin 


Cadherin-3 


Integrin a 6 


Cadherin- 18 


Transmembrane anchor protein 


Cadherin, LAG seven pass receptor 


EphB2 


Down syndrome cell adhesion 


Dystonin 


Catenin-<52 


Laminin /M ■ 


Eph A4 


Lamin 


Ephrin A4 


Filamin B 


Annexin A9 


Filamin C 


Ankyrin 3 


Tailin 1 


Sarcoglycan 


Butyrophilin 


Keratin 8 


Spectrin-a 


MAP-7 


Spectrin-/? 


MAP-x 


Thrombospondin 


Ptakoglobin 


Plastin 3 


Plakophilin 


Adducin 3 y 


Discoidin domain receptor 


Lamin B receptor 


Zona occludens 3 


Laminin p 2 


Periplakin 


Lamin A/C 


Protocadherin a 9 



Laminin y 2 
Laminin a 3 



Proteome analysis 

To identify altered abundance of proteins and relate it to 
transcript profiles, we characterized the protein profiles 
of MCF-10A, MCF-7 and MDA-MB-231 cells. Typi- 
cally, > 300 protein spots could be visualized in silver- 
stained gels, and there were far fewer protein spots in 
gels that were stained with Coomassie blue. The 
comparison of MCF7 or MDA-MB-231 proteins with 
MCF-10A revealed that MCF-7 had ll unique protein 
spots, while MDA-MB-231 had 15 spots that were not 
seen in MCF-10A. These proteins were either specific to 
or upregulated in these cell lines. The identity of these 
proteins is shown in Table 5. Out of these 26 protein 
spots, only 25 yielded amino-acid sequence. As shown in 
: the table, the li^t includes proteins involved in stress 
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response, protein-tagging activities, calcium-binding and 
calcium homeostasis proteins and some regulatory 
proteins. Prominent among these changes were proteins 
involved in calcium homeostasis such as crocalbin, 
calreticulin, calcyclin and reticulocalbin. The changes in 
signaling pathways between the two cell lines were 
indicated by altered levels of Rho GDP dissociation 
inhibitor 1, an apoptosis/differentiation regula- 
ting protein galectin, Myc expression regulator far 
upstream binding protein- 1 and the microtubule reg- 
ulator protein istathmin. The translation initiation 
factors 5A and 4H were also selectively upregulated in 
MDA-MB-231 cells. 

» 
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Table 3 Calcium binding or sensitive transcripts 
Upregulated in MDA-MB-231 Downregulated in MDA-MB-231 



Reticulocalbin 
Dystonin 
Follistatin like 1 
Cullin 
Annexin A5 

EF hand domain containing-2 

Hippocalcin like-2 

LDLR 

Steroid sulfatase 

MT-actin crosslinking factor 

Inositol- 1,4,5- triphosphate 

receptor 3 

Sorbin 

Guanine nucleotide-binding 

protein-y 

GAS6 

SWP-70 protein 
Jagged 1 

EGF-containing fibrulin-like 
ECM 

Transglutaminase 2 

Thrombin receptor-like 1 

Plastin 3 

FYN oncogene 

PKC-a 

Calmegin 

Calpain 

HEG homolog 

Cyr61 



S100A8 
S100A7 
S100A13 

Tumor associated Ca 2 * 
3 signal transducer 
Notch homolog 3 
PKD2 

Adenylate cyclase 
Phospholipase-C 
Chemokine ligand 12 
Ubquitin- specific protease 
?KC-n 

Ret-pro to oncogene 

Signal peplide-CUB domain 
Mannosidase a 

Bradykinin receptor B2 

Solute carrier family 24 

Ca 2+ channel voltage-dependent §3 

Regulator of G protein signaling 17 

Dystrobevin-oc 

Synaptogamin 1 

Matrix gla protein 

EF hand domain family member D 1 

PK-cyclic AMP dependent 

ATPase-Ca ,+ transporting 

Calmodulin 1 

CaM kinase 



Table 4 Altered transcripts involved in copper homeostasis and Rho 

signaling 



Copper-binding proteins 



Rho signaling proteins 



LOX 

LOX-1, LOX-2 
SCO cyt oxidase-deficient 
homolog 2 
COX 17 homolog 
MetaJIothionein IE, IF and 2a 
Ring ringer protein7 
Arniloridc-binding protein 1 
Neurotrypsin/motopsin 



Rho3 

Rho/Rac GEF 18 
Rho GEF 12 

Ras related C3 botulinum toxin 
substrate 2 

Cdc 42 efFector protein 3 
Rho GEF 3 

Rho GDP dissociation inhibitor 
RhoD 



Changes in proliferation characteristics and protein 
profiles in response to transfection with antisense 
constructs of selected transcripts 

We had observed significant upregulation of transcripts 
for DNA replication complex protein GINS PSF2, 
trefoil factor 3, aurora kinase AIK2, protein kinase HI 1 
and secreted protein XAG in MCF7 cells. We reasoned 
that antisense knockdown of the above genes in MCF7 
cells might indicate pathways involved in tumorigenesis 
and invasiveness. 

MCF7 cells were transfected with empty vector 
pCDNA3.1 or antisense constructs of the above genes. 
A semiquantitative amplification of pCDNA marker 
gene by RT-PCR confirmed the presence of the 
transfected construct in a significant proportion of the 
cell population. The transfected cells also showed a 
decrease in the target transcripts as observed by RT- 



Table 5 Proteomic profiles of MCF7 and MDA-MB-231 cells as 

compared to MCF10A cells 



MCF7 cells 



MDA-MB-231 cells 



Cell-cell adhesian/cell-surface 
receptor proteins 
Triose-phosphate isomerase 

Stress-response proteins 
Hsp27 

Superoxide dismutase 
Peroxiredoxin 2 



Cytoskeletal component/binding 
proteins 
Stathmin 

Celt-cycle regulation and growth/ 
differentiation! apoptosis proteins 

Nucleoside diphosphate kinase A 

S100C 

Secreted proteins and growth factors 
. Macrophage migration inhibitory 
protein 

Miscellaneous 
Cyt c oxidase VIb 
Peptidyl-prolyl cis- trans isomerase 
Ubiquitin 



Calcium-binding proteins 
Calcyclin 
CaJreticulin 
Crocalbin 
Reticulocalbin 

Transcription Factors/ 
Promoter-binding proteins 

Far upstream element 
binding protein- 1 
Far upstream element 
binding protein-2 

Cell-ceil adhesion/ cell- surface 
receptor proteins 
Galectin 

A TPase/GTPaselsignal trans- 
duction/ trafficing proteins 

Rho GDP dissociation 

inhibitor 1 

Stress-response proteins 
Hsp70 

Peroxiredoxin 2 

Cytoskeletal component/ 
binding proteins 
Stathmin 

Miscellaneous 
Heterogeneous nuclear 
ribonudeo protein H 
eIF4H (translation) 
elFSA (translation) 



PGR. The effects of antisense transfections were scored 
by growth characteristics of the transfectants. The cell 
proliferation was reduced between 15 and 40% when 
antisense transfectants were compared to cells trans- 
fected with empty vector. 

In order to relate decreased proliferation of transfec- 
tants to altered proteins, proteomic profiles of transfec- 
tants were compared with vector controls. The 
comparison of protein profiles of cells transfected with 
empty vector or antisense construct revealed alterations 
in several proteins for each transfectant (Table 6). These 
proteins included stress-response proteins, calcium- 
regulating proteins, translation factors, ubiquitin, pro- 
teins of electron transport chain and oxidative phos- 
phorylation, signaling proteins, cytokeratins, actin and 
actin regulating proteins and general regulatory factors. 
The number of altered proteins varied between 5 and 15 
for various transfections. Peptidyl prolyl cis-trans 
isomerase, calcium-regulating proteins, SOD, galectin, 
histidine triad protein and PKC substrate were promi- 
nent among altered proteins. We performed database 
searches to identify interactors for all proteins that were 
altered in transfected cells and identified nearly* 3 50 
proteins (data not shown). A significant number of these 
interacting proteins are involved in transcriptional 
regulation. " \ 
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Table 6 Altered proteins in MCF7 cells after antisense knockdown of specific transcripts 



After trawfection with as- trefoil factor 3(TFF3) 

Calcium-binding proteins 

Calmodulin 
Cell-cell adhesion/cell-surface receptor proteins 

Retinoic acid-binding protein II 
ATPase-GTPase/signal transduction/ trafficing proteins 

Raf kinase inhibitor 
Stress-response proteins 

Hsp27 

Peroxiredoxin 1 
Cytoskeletal component /binding proteins 

Cofilin-nonimiscle isoform 
Cell-cycle regulation and growth/ differentiation/ apoptosis proteins 

Chromobox protein homolog 1 

Chromobox protein homolog 3 

Translationally controlled tumor protein 
Miscellaneous 

40S ribosomal protein S12 

ATP synthase D chain 

Cancer-associated Sm-like protein 

Cyt c oxidase polypeptide Va 

eIF5A (translation) 

Ferritin heavy chain 

His triad nucleo tide-binding protein 

HistoneH2B.n 

Peptidyl-prolyl isomerase 

Proteosome subunit /f-type 6 

RN A- binding protein 8A 

Thioredoxin 

Ubiquitin crossreactive protein 

After transfection with as-aurora kinase AIK2 

Calcium-binding proteins 

Calgranulin B 

Calgranulin A 
Stress-response proteins 

Hsp27 

Superoxide dismutase 
Miscellaneous 
60S acidic ribosomal protein P2 
Peptidyl-prolyl isomerase 
Ubiquitin-crossreactive protein 



After transfection with as-protein kinase Hll 



Cell-cell adhesionj cell-surface receptor proteins 
Galectin 

Retinoic acid-binding protein II 
ATPase-GTPase/ signal transduction/ trqfficing proteins 

PKC substrate 
Stress-response proteins 

Hsp27 

Cytoskeletal component /binding proteins 

Actin-a, skeletal muscle 

Cytokeratin 18 
Miscellaneous 

30H-acyl CoA dehydrogenase II 

ATP synthase A chain 

Cyt c oxidase peptide Va 

Enhancer of rudimentary homolog 

Thioredoxin 

Ubiquinol-cyt C reductase 
No match 

After transfection with as-DNA replication complex GINS PSF2 
Calcium Binding proteins: 
Calreticulin 

ATPase-GTPase/ signal transduction/ trqfficing proteins 

14-3-3 r; 

PKC substrate 
Cytoskeletal component /binding proteins: 

Cytokeratin 1 

Cytokeratin 18 

Cell-cycle regulation and &. growth) r differentiation fapoptosis proteins 

Chromobox protein homolog 1 

Chromobox protein homolog 3 

MAP/MT affinity regulator 
Miscellaneous 

ATP synthase D chain 

Peptidyl-prolyl isomerase 

Ubiquinol-cyt c reductase 

After transfection with as-human homolog ofXAG 
Calcium-binding proteins 

Calreticulin 
Stress-response proteins 

Hsp27 
Miscellaneous 

ATP synthase A chain 

Peptidyl-prolyl isomerase 

Ubiquitin cross reactive protein 

No match 



Discussion 

The results presented here validate the gene profiles 
obtained from different expression platforms ranging 
from subtractive hybridization to gene microarrays and 
proteomic analysis. The RDA protocol is powerful 
enough to yield important genes that show significant 
alterations in their expression between cell lines, and can 
lead to isolation of full-length cDNAs by using 
appropriate modifications (Baskaran et aL, 1996; Jacob 
et aL, 1997). The detection of RUNX2, variant of 
RUNX2, EphB6, prion protein, lysyl oxidase and a 
copper transporter ATP7A transcripts by RDA warrant 
specific mention. RUNX transcription factors bind 
specific motifs on target gene promoters and regulate 

gene expression leading to cell growth, proliferation and 
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differentiation (Pratap et aL, 2003). RUNX2 and its 
variant have differential repression activity toward the 
promoter of the cyclin-dependent kinase inhibitor 
(p21 CIP1) (Westendorf et aL, 2002). The ioss of EphB6 
expression due to methylation of its promoter is related 
to invasiveness of MDA-MB-231 (Fox and Kandpal, 
2004; unpublished observations). Lysyl oxidase, a 
copper-sensitive enzyme, causes oxidative deamination 
of lysine and hydroxy lysines of collagen to aldehyde 
forms to stabilize dollagen fibrils (Siegel, 1976) that are 
found in invasive breast carcinoma cells (Akiri et aL, 

2003) . The activation of LOX is dependent on Qopper 
that is internalized and then transported to trans golgi 
network by copper transporter ATP7A (Pase et^aL, 

2004) , a protein mutated in Menkes disease (Molfer 

1 et aL, 2005). Prion protein has also been repbrted as a. 
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chaperone for copper (Jones et al, 2004). Thus, EphB6 
can serve as a marker for invasiveness, and LOX and 
ATP7A may be exploited as relevant targets for 
therapeutic intervention. 

The downregulation of junctional proteins along with 
inactivation of TIMPs as shown here is in agreement 
with other reports describing their relationship with 
invasiveness of carcinoma cells (Johnson, 1991; Kousi- 
dou et al, 2004; Shao et al, 2005) and promoter 
methylation (Costa et al., 2004). As several transcripts 
coding for junctional proteins are downregulated in 
invasive cells, we postulate that methylation-specific 
PCR can be exploited to use these transcripts as 
biomarkers of tumor cells in general and invasiveness 
in particular. The changes in cell-cell interaction 
correlate to cell phenotypes because such interactions 
influence Rho/Ras signal transduction pathways and 
vice versa (Malliri and Collard, 2003; Nagaraja and 
Kandpal, 2004; Ridley, 2004), and lend credence to the 
significance of altered transcripts for Rho and Rho 
GEFs as presented here. 

Early changes in calcium homeostasis as measured by 
calcium excretion have been reported in breast cancer 
(Campbell et al, 1 983), and altered calcium signaling has 
been shown in invasive lung carcinoma cells (Amuthan 
et al, 2002). Prominent among calcium-binding proteins 
are S-100 protein, a group of intracellular messengers 
that respond to transient changes in calcium concentra- 
tion by binding to specific receptors (Marenholz et al, 
2004) and regulate cell growth, differentiation and 
motility, transcription and cell cycle. The S-100 proteins 
detected in the present study map to chromosome lq21, 
a region of genome that is frequently altered in human 
breast cancer cells (Bieche et al, 1995). Calcium ions act 
as a second messenger in specific signaling pathways in a 
variety of cancers (Missiaen et al, 2000) and are known 
to alter calcineurin to activate transcription factors such 
as NFATc (Luo et al, 1996). 

As dictated by post-transcriptional regulation, protein 
profiles showed far fewer changes as compared to 
transcript profiles, and the knockdown of five selected 
genes in MCF7 cells produced interesting changes in 
protein profiles. These genes, namely, XAG (secretory 
Xenopus laevis protein), trefoil factors 3, human aurora2 
kinase AIK2, protein kinase HI 1 and DNA replication 
complex GINS PSF2, have been shown to be estrogen 
responsive, oncogenic or involved in tumorigenesis (Yu 
et al, 2001; Fletcher et al, 2003; Katoh, 2003; Warner 
et al, 2003; Takayama et al, 2003). The antisense 
constructs of these genes appeared to work as siRNAs 
as suggested by the reduction in the transcript detected 
in RT-PCR of RNA isolated from the transfected cells. 
The involvement of the above transcripts in invasive 
potential is apparent from the observed upregulation of 
calcium-binding proteins in transfected MCF7 cells, 
which is comparable to their levels in MDA-MB-231 
cells. The proteins that appear to mediate inhibition of 
proliferation in antisense-transfected cells include PKC 
substrate, Raf kinase 'inhibitor, histidine triad nucleo- 
tide-binding protein and peptidy-prolyl isomerase 
(Pinl). We believe histidine triad protein effects are 



most likely mediated via its interaction with ATM 
protein. Raf kinase inhibitor (Keller et al, 2004) and 
ATM (Hall, 2005) have been conclusively linked to 
transformation of cells, and the activity of Pinl has been 
related to p53-mediated signaling pathways (Mantovani 
et al, 2004; Berger et al, 2005). In this context, p53 
activation has also been hypothesized by Cu-SOD 
prion-like enzyme (Wiseman, 2005). Thus, alterations 
in copper homeostasis and p53-mediated signaling may 
be considered as a significant regulatory mechanism in 
tumorigenesis. 

In summary, we have presented here a set of 
candidate genes that can serve as biomarkers for 
tumorigenesis and invasiveness, and some of these 
markers may be used to develop DNA-based diagnostic 
tests. The alterations in transcripts for copper home- 
ostasis genes suggest copper chelation or inhibition of 
copper transporter A1P7A as potential targets for 
therapeutic application. The modulation of RUNX2 
splicing variants by chemicals that affect splicing 
machinery may also be explored as a therapeutic 
modality. The changes in EphB6 expression, if con- 
firmed in tumor specimens, may have prognostic 
significance. 



Materials and methods . 

Breast cancer cell lines 

We used MCF-10A, a cell line established, from normal breast, 
and two breast carcinoma cell lines MCF-7 and MDA-MB- 
231 that vary in their in vitro and in vivo invasiveness. All cells 
were cultured at 37°C/7% C0 2 . MCF-10A cells were grown in 
1:1 DMEM:F12 media (Gibco) with 5% horse serum (Gibco), 
20mM HEPES, lOng/ml EGF (Invitrogen), 10mi/l PenStrep- 
Glutamine (lOOOOU/ml penicillin, 10000 ^g/ml streptomycin 
and 29.2mg/ml L-glutamine), 10/ig/ml insulin (Invitrogen), 
0.1/xg/ml Cholera Toxin (Sigma) and 500ng/ml hydrocorti- 
sone (Sigma). MCF-7 and MDA-MB-231 cells were grown in 
DMEM (Gibco) supplemented with 2mM L-glutamine (Gib- 
co), 1 mM sodium pyruvate (Gibco), 5 ml/l penstrep (5000 U/ 
ml penicillin and 5000^g/ml streptomycin), and 10% fetal 
bovine serum (Hy clone). 

Total RNA isolation 

RNA was isolated from 85 to 95% confluent 10 cm tissue 
culture dishes using TRI reagent (Molecular Research Center 
Inc.) with slight modifications to the recommended protocol. 
Approximately 10 million cells were mixed with 1.0 ml Tri 
Reagent, the mixture was extracted with chloroform and the 
aqueous phase containing RNA was separated. The RNA was 
precipitated with isopropanol, the pellet washed sequentially 
with 80 and 100% ethanol, then dried and resuspended in 
DEPC-treated water. RNA was stored in aliquots at -70°C. 
The quality of RNA was visualized by running on a 
formaldehyde gel. The appearance of ribosomal RNA bands 
indicated that RNA was not degraded during Ahe procedure. 
The amount of RNA was determined by its absorbance at 
260 nm. < 

DftAase treatment of total RNA 

To remove DNA contamination, 20 fig of RNA (quantified 
specuophotometrically) was treated with 500 ng DNAase I 1 , 
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80 U RNasin (Promega) and 1 mM MgCl 2 in Tris buffer in a 
total volume of 50 pi. The reaction was carried out at 37°C for 
1 h and the DNAase inactivated by heating to 65°C for 30 min. 

Representational difference analysis (RDA) 
RDA of cDNAs is a modification of genomic RDA (Lisitsyn 
et al f 1993). We performed RDA in the following two ways. In 
one experiment, MCF-7 cDNA was used as a driver and 
MDA-MB-231 cDNA as a tester. In the second experiment, 
MCF-7 cDNA was used as a tester and MDA-MB-231 cDNA 
as a driver. The protocol has been describer previously (Jacob 
et al, 1997). Briefly, first-strand synthesis was carried out using 
a commercial cDNA synthesis kit as per the manufacturer's 
protocol. A linker with a BgRl site was ligated to the tester as 
well as the driver cDNA. A primer specific to one of the linker 
strands was used to PCR amplify the linker-ligated cDNAs. 
The linkers were then removed by digesting the cDNA with 
BgUl and the digested cDNA was gel purified. A second set of 
unphosphorylated Bgdl adaptors was ligated to the tester 
cDNA only. The tester and driver DNAs were hybridized in a 
5 pi reaction volume at a ratio of 1 :40. After hybridization, the 
ends of the tester homoduplexes were repaired with Klenow 
polymerase and 1/d of the reaction mixture was diluted to 
100 /d. The difference product was obtained by amplifying 1 pi 
of the diluted mixture using the top strand of the ligated 
adaptor as a primer. The amplified difference product was 
digested with EcoRI and cloned in a pBlueScript vector. 
Individual clones were picked up and sequenced by Sanger's 
dideoxy chain termination method. Representative clones were 
validated by Northern analysis and semiquantitaive RT-PCR, 

Microarray analysis 

The GeneChips, Human Genome U133A 2.0, (Affymetrix, 
Santa Clara, CA, USA) used in this study contained 
approximately 22000 probe sets corresponding to 18400 
transcripts and variants, including 14 500 well-characterized 
human genes. 

Total RNA was converted into double-stranded cDNA by 
using Superscript II (Invitrogen, Carlsbad, CA, USA) and an 
oligo-dT primer containing a heel of the T7 RNA polymerase 
promoter sequence. The reaction mixture containing double- 
stranded cDNA was extracted with phenol-chloroform, 
precipitated with ethanol, and dissolved in 12 pi RNase-free 
water. The cDNA was transcribed in vitro by using a RNA 
transcription labeling kit (Enzo Biochem, Famingdale, NY, 
USA) with 6 pi of double-stranded cDNA in the presence of 
ATP, CTP, GTP, UTP, bio-ll-CTP and bio-16-UTP. The 
biotinylated RNA was purified by using an affinity column 
(Qiagen, Valencia, CA, USA) and fragmented randomly, by 
heating to 95°C in the presence of fragmentation bufTejr, . 
between sizes of 35 and 200 bases. The GeneChips were : 
hybridized overnight at 45°C in hybridization oven in a. 
solution containing fragmented cRNA, control oligonucleo- / 
tide B2, 20 x eucaryotic hybridization controls, herring sperm 
DNA, acetylated BSA and 2x hybridization buffer. The 
GeneChips were washed and stained with streptavidin- 
phycoerythrin and the antibody in 2 x MES stain buffer, 
acetylated BSA, and optically read at a resolution of 6 pm with 
a Affymetrix GeneChip scanner 3000. AfTymetrix MICRO- 
ARRAY SUITE ) was used for initial data preparation 
(generation of .CHP files). Normalization (quantile method) 
and calculation *of signal intensities was performed with the 
software package RMA from the R project (http://www.r- 
project.org/). For every cell line, three replicates were ? 
performed with Affymetrix Gene Chips. The Gene Chip data 
were use$ for further calculations after the raw image and 



MAS5 analysis revealed a positive quality report. Ratios of 
average signal intensity (log 2) were calculated for the probe 
sets between pairs of cell lines and then converted to an 
average fold change (AFC). Statistical validation was per- 
formed on probe sets as described (Yoshida et al, 2004). The 
statistical method used to assign P-values to the fold changes 
of gene responses is described by Yoshida et al. (2004) and is a 
two-step procedure based on the Benjamini and Yekutieli 
construction of false discovery rate confidence intervals 
(FDRCI) (Reiner et al, 2003). Functional annotation of 
proteins was assigned through Gene Ontology (http://www. 
geneontology.org) or Locuslink (http://www.ncbi.nlm.nih.gov/ 
LocusLmk) classifications obtained through appropriate pub- 
lic databases. 

Quantitative RT-PCR 

RNA was reverse transcribed with Superscript II (Invitrogen, 
Carlsabad, CA, USA) RT by priming with oligodT. The 
primers specific to validated genes were synthesized from the V 
untranslated region using Primer 3 software. PCR~icactions 
were then performed in triplicates in an I-cycler Thermocycler 
with optical module (BioRad, Hercules, CA, USA). The 
amplified products were quantified by reading fluorescence of 
SybrGreen I (Molecular Probes, Eugene, OR, USA). Average 
fold changes were calculated by differences in threshold cycles 
(Ct) between pairs of samples to be compared. HPRT gens was 
used as a control. 

Semiquantitative RT-PCR 

The spectrophotometrically detennined concentration of RNA 
was confirmed by amplifying actin message at different cycles. 
The cycling conditions that yielded proportional increment of 
amplified product was used to normalize the RNA concentra- 
tion. The normalized RNA was used as template to determine 
relative abundance of transcripts corresponding to clones 
identified by RDA experiments. The conditions were standar- 
dized in the range of cycles that yielded a PCR product for at 
least one of the pairs of compared RNAs. Such experiments 
dictated cycles between 30 and 35 to be appropriate to 
compare abundance of selected transcripts in MCF7 and 
MDA-MB-231 cells. 

Northern analysis 

The expression pattern of selected transcripts in cell lines was 
also analysed in Northern blots. RNA (20 jan), as detennined 
by spectrophotometer and confirmed by actin amplification, 
was electrophoresed on a formaldehyde agarose gel. A RNA 
ladder was used as a size marker. The RNAs were transferred 
from the gel to a Hybond nylon membrane by capillary 
transfer. The RNA was fixed onto the membrane by 
irradiation in a Stratalinker. The blot was hybridized at 65°C 
for 12— 15h with a radioactive probe and the blot was 
subsequently washed with 0.1 x SSC and 1% SDS at 65°C. 
The hybridized probe was detected by autoradiography. 

Transfection of MCF-7 cells with antisense constructs 
The genes selected on the basis of their upregulation were 
cloned in antisense orientation in pCDNA3:l vector (Inviro- 
gen). MCF-7 cells were grown to 70-80% confluence. 
Approximately 4/ig of DNA was transfected into MCF-7 
cells by using Lipofectamine 2000. The transfected cells were 
grown in the presence of G418 (400jig/ml). The transfectants 
were processed for protein isolation. A control set of cells was 
transfected with an empty pcD^JA3.1. The proteins were 
analysed by two-dimensional electrophoresis, and altered 
bands were excised for mass spectrometry. 



Oncogene 



4- 



Molecular signatures of breast carcinoma cells 
GM Nagaraja et at 



2337 



Protein isolation 

The cultured cells were harvested by trypsinization and 
centrifuged at 220 g for 5min at 4°C. The cell pellet was 
washed once with ice-cold 1 x PBS. The proteins were isolated 
by using a commercial kit (BioRad, Hercules, CA, USA). 
Briefly, pelleted cells (0.05 ml) were mixed with 0.5 ml ice-cold 
CPEB solution containing protease inhibitors cocktail 
(Roche), vortexed and stored on ice for 30min. The cell 
suspension was passed through a syringe needle (20 gauge) for 
10-20 strokes to ensure complete cell lysis. The cytoplasmic 
protein fraction was collected by centrifugation at 100 # for 
lOmin at 4°C. The nuclear pellet was washed once again with 
0.5 ml CPEB solution. The nuclear pellet was resuspended in 
0.75 ml PSB buffer, vortexed briefly and centrifuged at 1000 ^ 
for lOmin at 4°C, and the supernatant containing nuclear 
protein was collected into a new tube. The samples were 
quantified using 2D Quant kit (Amersham Biosciences), 
aliquoted and stored at — 80°C to prevent protein degradation. 
To reduce streaking, background staining and the other gel 
artefacts" associated with substances contaminating~"20/IEF 
samples, the samples were cleaned with 2D Clean up kit (Bio 
Rad, Hercules, CA, USA) before running on the gel. 

Two-dimensional gel electrophoresis 

The protein mixtures were separated based on isoelectric 
points by using commercial pre-cast pH gradient gel strips 
according to the manufacturer's instructions. The protein 
sample (175 fig) in 185 /d of sample buffer (8 M urea, 2% 
CHAPS, 0.2% biolytes, 3/10 ampholytes, 65 mM DTT and 
0.002% bromophenol blue) was loaded in the sample loading 
trays at the end of 1 1 cm immobilized rehydrated strips (pH 3- 
10) (Bio Rad, Hercules, CA, USA). Following isoelectric 
focusing, proteins were reduced and alkylated by successive 
1 5 min treatments with equilibration buffer (6 M urea, 0.375 M 
Tris-HCl pH 8.8, 2% SDS, 20% glycerol, 2% DTT) and 2J% 
(W/V) iodoacetamide, respectively. Proteins were then re- 
solved in the second dimension on 8-16% gradient SDS- 
PAGE gel (Bio Rad, Hercules, CA, USA). The protein spots 
were visualized by staining with either silver stain or 



Coomassie blue stain. The gel images were compared and 
bands showing significant (greater than twofold) alterations in 
intensity were excised and processed for mass spectrometry. 
Comparisons were made between protein lysates from MCF- 
10A, MCF-7 and MDA-MB-231 cell lines or between MCF-7 
and MCF-7 cells transfected with specific antisense constructs. 

Protein identification by enzymatic digestion followed by mass 
spectrometry 

Prior to performing trypsin digestion, the gel pieces containing 
protein spots were washed sequentially once with water and 
twice with acetonitrile. The gel pieces were then allowed to 
swell in lOOmM ammonium bicarbonate and finally washed 
with acetonitrile. The washed slices were dried in a Speed Vac 
concentrator, and subsequently incubated with 20/il of 
Promega's autocatalysis-resistant trypsin (12.5ng//d in 50mM 
ammonium bicarbonate and 5mM CaCi 2i pH 8.0) overnight at 
37°C. The supernatant (5 fd) from tryptic digest was injected 
for peptide sequence^analysis_using on-line capillary liquid 
chromatography-electrospray ionization-tandem mass spectro- 
metry (LC-MS/MS). The front end HPLC utilized a Dionex 
(San Francisco, CA, USA) Vydac 300 /an inner diameter 
x 15mm C18 column. The linear acetonitrile gradient (3%/ 
min, containing 0.02% TFA) was developed using a Hewlett- 
Packard 1 100 pump operating at 0.1 ml/min, and the flow was 
split before the injector such that the flow rate through the 
column was 3 /d/min. Peptides were detected at 215nM. The in- 
line mass spectrometer was a ThermoElectron LCQ-DECA 
instrument operated in data-dependent MS/MS mode, and 
proteins were identified by searching a nonredundant protein 
database using the Sequest program. 
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Identification of androgen-regulated genes in the 
prostate cancer cell line LNCaP by serial analysis 
of gene expression and proteomic analysis 

A common therapy for nonorgan-confined prostate cancer involves androgen depriva- 
tion. To develop a better understanding of the effect of androgen on prostatic cells, we 
have analyzed gene expression changes induced by dihydrotestosterone (DHT) in the 
androgen responsive prostate cancer line LNCaP, at both RNA and protein levels. 
Changes at the RNA level induced by DHT were determined by means of serial analysis 
of gene expression (SAGE?, and protein profiling was done by means of quantitative 
two-dimensional polyacrylamide gel electrophoresis. Among 123371 transcripts anal- 
yzed, a total of 28844 distinct SAGE tags were identified representing 16 570 genes. 
Some 351 genes were significantly affected by DHT treatment at the RNA level 
ip < 0.05), of which 1 47 were induced and 204 repressed by androgen. In two indepen- 
dent experiments, the integrated intensity of 32 protein spots increased and 12 
decreased at least two-fold in response to androgen, out of a total of 1031 protein 
spots-anaiyzed. The change in inEensityformost of the affected proteins identified 
could not be predicted based on the level of their corresponding RNA. Our study pro- 
vides a global assessment of genes regulated by DHT and suggests a need for profiling 
at both RNA and protein levels for a comprehensive evaluation of patterns of gene 
expression. 



Keywords: Androgen / Prostate / LNCaP /Gene expression / Serial analysis of gene expression 
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1 Introduction 

Androgens affect numerous aspects of prostate biology 
including development, growth, and maintenance. They 
also play a critical role in tumorigenesis and progression 
of prostate cancer. Androgen deprivation is an estab- 
lished treatment modality for prostate cancer. However, 
the disease eventually progresses into a hormone refrac- 
tory cancer. Several mechanisms have been identified 
which may contribute to androgen independence: (1) 
Mutations in the androgen receptor (AR) lead to ligand- 
independent activation or promiscuity of the receptor 
[1 , 2]. The ability of the receptor to activate or repress 
downstream genes can also be affected by mutation. AR 
mutation is associated with advanced phases of prostate 
cancer [3, 4]; (2) AR can be activated in a ligand-indepen- 
dent manner by specific growth factors and cytokines [5]; 
(3) AR gene amplification has been found to occur in 
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28-30% of tumors that recurred post androgen-abjation 
therapy [6 t 7]. Wallen et ai [8] have recently shown that 
one-third of locally recurrent hormone refractory prostate 
cancer contain AR gene amplification; (4) Coactivator 
amplification and corepressor down-regulation have 
been shown to increase receptor transactrvation [9, 10]. 
Regardless of which pathways) is taken by the tumor 
cells, androgen-regulated genes may ultimately be the 
key players in the development of hormone refractory 
cancer. As a step towards a better understanding of the 
effect of androgen on gene expression, we have under- 
taken a comprehensive assessment of gene expression 
changes induced by dihydrotestosterone (DHT) in the 
androgen responsive prostate cancer cell line LNCaP. An 
important feature of our study is the parallel assessment 
of expression changes at both RNA and protein levels. 



2 Materials and methods 

2.1 Prostate cell line and DHT treatment 

LNCaP human prostatecancercell line (American Type Cul- 
ture Collection, Rockville, MD, USA) was cultured for 3 d in 
phenol-free RPM1 1640 supplemented with 5% charcoal- 
stripped fetal bovine serum (FBS) at 37°C. Half of the cul- 
tures were then treated with 1 0r° m DHT for 24 h. Total RNA 
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and protein were extracted from untreated and DHT treated 
cells using TRIzoi (Invitrogen, Carlsbad, CA, USA) reagent 
for RNA and a solubilization cocktail for proteins, consisting 
of 9 m urea, p-mercaptoethanol and 1 % NP-40. For kinetics 
experiments 1 x 10 6 cells were plated in phenol-free RPMI 
medium with 5% charcoal-stripped FBS. On day three, 
cells were treated with 5 mL of media containing 10" 9 m 
DHT and total RNA was extracted at different time points 
from 0-96 h. To determine the direct/indirect effect of andro- 
gen on RNA levels, cells were plated as above and treated 
with 5 ng/mL of cyclohexamide in the presence or absence 
of 1 0 -9 m DHT for 24 h and total R NA was extracted. 

2.2 Serial analysis of gene expression 

Serial analysis of gene expression (SAGE} was performed 
as described previously [11] with the following modifi- 
cations: ditags were^CR amplified using biotinylafedpfF 
mers and digested with Nla\\\ enzyme [12). Concatemers 
were heated for 15 min at 65°C and chilled on ice for 
10 min before separation on an 8% polyacrylamide gel 
[13]. The concatemers were then cloned into the Sphl 
site of the pZero vector (Invitrogen). Concatenated tags 
were screened by PCR using M13 forward and M13 
reverse primers. PCR products with inserts greater than 
500 bp were isolated and sequenced with M13 forward 
primer on an automated 3700 DNA sequencer (Perkin- 
Elmer, Norwalk, CT, USA). For microSAGE, 1 \ig of total 
RNA per tube was used for cDNA synthesis in two tubes, 
with the mRNA Capture Kit (Boehringer Mannheim, 
Indianapolis, IN, USA. cDNAs were cleaved wfth NfaliW, 
ligated to linkers and then digested with Bsm Fl enzyme. 
The released tags were ligated, and processed for the 
rest of steps as with the standard SAGE protocol. 

2.3 SAGE data analysis 

SAGE tags were extracted using the SAGE software 
V 4.12 [11 J. Tags were matched to the SAGE reliable 
map (release 10-26-2000) (http://www.ncbi.nlm.nih.gov/ 
SAGE/). Due to the fact that some tags map to multiple 
genes and some genes have multiple tags, SAGE data 
were analyzed in two different ways: (1) exclusion 
method: tags that match to multiple genes were dis- 
carded. Only tags that match to a single gene were tabu- 
lated and composite counts analyzed for their signifi- 
cance; (2) inclusion method: tags that match to multiple 
genes were counted at 100% toward each gene. All tags 
were tabulated and composite counts analyzed for their 
statistical significance. Lists of differentially expressed 
genes fc><0.05) obtained from the exclusion and inclu- 
sion methods were compared, and finally only genes that 
have a p value <0.05 in both lists were considered statis- 



tically significant. The total number of genes identified 
was estimated by N m + (N^ - 0.1 NuJ/3.5, where Nn. is 
the number of genes matched to SAGE tags, Num is the 
number of SAGE tags that do not match to known genes 
or ESTs, with 10% representing the estimated sequencing 
error per SAGE tag and 3.5, the average number of tags 
per gene in the SAGE reliable map (release 10-26-2000). 

2.4 RT-PCR and real-time PCR quantification 

For reverse transcription-PCR (RT-PCR), 1 jigoftotalRNA 
was reverse transcribed into cDNA. One fortieth of cDNA 
was used for PCR reaction. Samples were collected at 
different cycles and separated on a 2% agarose gel with 
ethidium bromide. Image was captured and quantified 
using NucleoVision 760 Image Workstation (Nucleotech, 
CA, USA). Amplification curves were generated. Sub- 
sequently, RT-PCR was done af cycles within the log 
phase of amplification. 

Real-time quantification was performed in the iCycler (Bio- 
Rad, Hercules, CA, USA). Briefly, one fortieth of cDNA was 
used in each reaction. Six reactions were carried out for 
each gene and three independent experiments were per- 
formed. PCR mix comprised of 1X PCR buffer, 1.5 mM 
MgCfe, 0.1 mM dNTP, 200 nM primers (listed below), 0.05 U 
platinum Taq polymerase (Invitrogen) and 0.1 x SYBR green 
(Molecular Probes, Eugene, OR, USA). PCR was carried out 
at 94°C for 2 min, and 40 cycles of 94°C for 30 s, 55°C for 
30 s, and 72°C for 30 s. Primers used for real-time PCR 
quan t i fic a ti on: PSA (prostate specific antigen) (Hs.171995, 
5 '-GG AAATGACCAGGCC AAGAC-3 ' , S'-CAACCCTGQAC 
C TCACACCTA-3% SCMH1 (Hs.57475, 5'-GCCTTGACC 
ACATCACTCCAT-3' , 5 , -AGGCCTAGGGCTGCAAAAG-3'), 
and clusterin (Hs.75106, 5 *-GC AGGAATACCGCAAAAA 
GC-3\ 5'-GACTCAAGATGCCCCCGTAAG-3'). Standard 
samples (50, 25, 1 0, 5, 2.5, 1 and 0.5 jiLcDNA) and experi- 
mental samples were used in real-time quantification PCR. 
Each sample was run in quadruple reactions. Standard 
curve (Ct = mX + B) was obtained, where Ct is threshold 
cycle number, X is log quantity of target molecules, m is 
curve slope and B is Y-axis intercept value. Number of 
fold induction or repression for a given target molecule 
was calculated by Qa/Qb, where Qa is the target quantity 
in experimental sample A and Qb is the target quantity 
in experimental sample B. Cta = mlogQa + B or Qa = 
1 0 (cta " B ^ m , therefore, Qa/Qb = 1 0* 0 *^* 1 . 



2.5 2-D PAGE 

The procedure followed was as previously described 
[14]. Cells were solubilized in 200 jiL of lysis buffer con- 
taining 9.5 m urea j(Bio-Rad), 2% NP-40, 2% carrier 
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ampholytes pH 4-8 (GaJlard/Schlessinger, Carle Place, 
NY, USA), 2% p-mercaptoethanol and 10 mwi PMSR 
Aliquots containing approximately 5x10 6 cells, were 
applied onto isofocusing gels. IEF was conducted using 
pH 4 to 8 carrier ampholytes at 700 V for 16 h ( followed 
by 1000 V for an additional 2 h. The 1-D gel was loaded 
onto the 2-D gel, after equilibration in 1 25 mwi Tris, pH 6.8, 
10% glycerol, 2% SDS, 1% DTTand bromophenol blue. 
For the second dimension separation, a gradient of 
11-14% of acryiamide (Serva, Hauppauge, NY, USA) 
was used. Following 2-D PAGE, proteins were visualized 
by silver staining of the gels or transferred to an Immobi- 
lon-P PVDF membrane (Millipore, Bedford, MA). 



2.6 Protein identification by mass spectrometry 

- The 2-D gels were silver-stained by successive incuba- 
tions in 0.02% sodium thiosulfate for 2 min, 0.1 % silver 
nitrate for 40 min and 0.014% formaldehyde plus 2% 
sodium carbonate. The proteins of interest were excised 
from the 2-D gels and destained for 5 min in 15 mM 
potassium ferricyanide and 50 mwi sodium thiosulfate 
as described [15]. Following three washes with water, 
the gel pieces were dehydrated in 100% acetonitrile for 
5 min and dried for 30 min in a vacuum centrifuge. 
Digestion was performed by addition of 1 00 ng of trypsin 
(Promega, Madison, Wl, USA) in 200 mwi ammonium 
bicarbonate or by addition of 100 ng of the endopro- 
teinase Glu-C (Promega) in 100 mM ammonium bicarbo- 
nate. The Lys-C digestion was performed with 500 ng of 
the endoproteinase Lys-C (Roche, Mannheim, Germany) 
in 100 mM Tris-HCI, pH 9. Following enzymatic digestion 
overnight at 37°C, the peptides were extracted twice 
with 50 \iL of 60% acetonitrile/1 % TFA. After removal of 
acetonitrile by centrifugation in a vacuum centrifuge, the 
peptides were concentrated by using pipette tips C18 
(Millipore). 

Analyses were performed primarily using a PerSeptive 
Biosystem MALDl-TOF Voyager-DE mass spectrometer 
(Framingham, MA, USA), operated in delayed extraction' 
mode. Peptide mixtures were analyzed using a saturated 
solution of cyano-4-hydroxycinnamic acid (CHA) (Sigma, 
St. Louis, MO, USA) in acetone containing 1% TPA 
(Sigma). Peptides were selected in the mass range of 
800-4000 Da. Spectra were calibrated using calibration 
mixture 2 of the Sequazyme peptide mass standards kit 
(PerSeptive Biosystems). The search program MS-Frt, 
developed by the University of California at San Francisco 
(http://prospector.ucsf .edu), was used for searches in the 
NCBI database. Search parameters were as follows: 
maximum allowed peptide mass error of 400 ppm, con- 
sideration of one incomplete cleavage per peptide and 



pH range between 4 and 8. MALDl-TOF mass spectro- 
metry was also, used for molecular weight determina- 
tion as described [16]. In some cases, the amino acid 
sequence of some peptides of interest was determined 
by ESI MS analysis. 

3 Results 

3.1 SAGE analysis of the effect of androgen 
on gene expression 

SAGE libraries were generated from LNCaP cells cul- 
tured in the presence or absence of DHT. A total of 
123371 tags were generated of which 62 878 were from 
the LNCaP cell line and 60493 from the LNCaP cells 
treated with DHT for 24 h Oak' 0 1 )- Sequence analysis 
identified a total of 28844 distinct ta gs represe nting 
16570 genes, 1 1 243 from LNCaP and 12 203 from DHT 
treated cells. A total of 351 transcripts were differentially 
expressed at a significant level (p<0.05). Eighty-seven 
percent of transcripts matched GenBank entries; 79% 
corresponded to known sequences and 8% to ESTs. 
RNA levels for 1 47 genes were increased and 204 genes 
were decreased after DHT treatment (Table 2). Therefore, 
at the RNA level more genes were repressed than 
activated by androgens. Of these androgen-regulated 
genes, 149 were changed s= five-fold by DHT treatment 
(Table 3). 

Table 1. Summary of SAGE analysis in LNCaP cells 



Sample 


Total 

transcripts 


Distinct 
tags 


Number 
of genes 


-DHT 


62 878 


17 050 


11 243 


+ DHT 


60 493 


18510 


12 203 


Total 


123371 


28 844 


16 570 



- DHT: LNCaP cells without dihydrotestosterone; + DHT: 
LNCaP cells treated with 1 0- 9 m dihydrotestosterone for 
24 h 



Table 2. DHT regulated genes in LNCaP cells 



Genes LNCaP vs LNCaP + DHT 

(gene#) 





p 0.05 


p 0.01 


Known genes 


277 


147 


ESTs 


29 


8 


No match 


45 


13 


Total 


351 


168 


Up-regulated by DHT (24 h) 


147 


65 


Down-regulated by DHT (24 h) 


204 


103 
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Table 3. List of candidate genes that are regulated by DHT (> 5 fold) 
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13 


1 
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10 
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11 
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ZOO DU1 


9 . 


13 


Induced 
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1 1 9 zuy 
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Induced 


3.07E-03 
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n 


A 
o 


Induced 


3.07E-03 


7C OCR 
ID ODD 


u 


ft 

o 


Induced 


3.07E-03 


1/1 OaO 


0 


8 


Induced 


3.07E-03 


T A Pftftft ft ATT 


n 
u 


ft 

O 


Induced 

11 IwUwwW 


3.34E-03 


172791 


13 


2 


Repressed 


4.19E-03 


13561 


13 


2 


Repressed 


4.19E-oi 


98 260 


8 


0 


Repressed 


4.34E-03 


CATAAGACTT 


8 


0 


Repressed 


4.64E-03 


TACGGGGACA 


2 


12 


Induced 


5.76E-03 


180034 


12 


2 


Repressed 


6.91 E-03 


5753 


12 


2 


Repressed 


6.91 E-03 


278941 


10 


1 


Repressed 


6.94E-03 


19500 


0 


7 


Induced 


7.25E-03 



Description 



immunoglobulin heavy contant alpha 1 
microseminoprotein r beta- 

immunoglobulin heavy constant gamma 3 (Gm marker) 
beta-2-microglobulin 

CD74 antigen (invariant polypeptide of major histocompability 

complex, class II antigen-associated) 
myosin regulatory light chain 2 r smooth muscle isoform 
actin, gamma 2 f smooth muscle, enteric 
nuclear receptor subfamily 4, group A, member 1 
KIAA0246 protein 
transgelin 

immunoglobulin J polypeptide, linker protein for immuno- 
globulin alpha and mu potypetides 
acid phosphatase, prostate 

v-jun avian sarcoma -virus-T? -oncogene hqmdog 

myosin, heavy polypeptide 1 1 , smooth muscle 
CGI-1 39 protein 

nuclear distribution gene C (A. nidulans) homolog 

Novel 

Novel 

Novel 

Homo sapiens SURF-4 mRNA, complete cds 
emopamil-binding protein (sterol isomerase) 
ESTs 

ADP-ribosylation factor-like 2 

actin related protein 2/3 complex, subunit 3 (21 kD) 

ESTs 

myosin, light polypeptide kinase 

tropomyosin 2 (beta) 

ubiquitin carrier protein E2-C 

protein phosphatase 1G (formerly 2C), magnesium- 
dependent, gamma isoform 

ESTs, Highly similar to NTTC1JHUMAN NEUROGENIC LOCUS 
NOTCH PROTEIN HOMOLOG 1 PRECURSOR 

dendritic cell protein 

tropomyosin 1 (alpha) 

Human rearranged immunoglobulin lambda light chain mRNA 

insulin-like growth factor binding protein 7 

metastasis-associated 1 -like 1 

dimethylarginine dimethylaminohydrolase 1 

dual specificity phosphatase 1 

Novel 

ubiquitously-expressed transcript 
|ESTs ( Weakly similar to dJ37E16.5 [H. sapiens} 
ESTs 
'Novel 
Novel 

cleavage stimulation factor, 3' pre-RNA, subunit 3, 77kD 
inosito(myo)-1 (4)-monophosphatase 2 
PRO0628 protein 



nuclear localization signal deleted in velocardiofacai syndrome 
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Table 3. Continued 



UGD or Tag 


CAP 


DHT 


Change 
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6 
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Repressed 
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6 
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Repressed 
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6 
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Repressed 


1.81 E-02 


171 075 


6 
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Repressed 


1 .81 E-02 


89781 


6 
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Repressed 


1 .81 E-02 


154149 


6 


0 


Repressed 


1 .81 E-02 



Description 



VAMP (vesicle-associated membrane proteln)-associated 

protein A (33kD) 
Homo sapiens clone HQ0692 
Novel 
Novel 
Novel 

Homo sapiens cDNA FU20738 fis, clone HEP08257 
actinin, alpha 1 

proteasome (prosome, macropain) subunit, beta type, 5 

trophinin associated protein (tastin) 

Homo sapiens mRNAfor hypothetical protein (TR2/D1 5 gene) 

gamma-glutamyl carboxylase 

CGI-51 protein 

ESTs 

J4omo.sapiens SWI/SNF-relateiUnstnx-associated, actin- 
dependent regulator of chromatin 01 (SMARCD1) mRNA 
ADP-ribosylatin factor 3 
Novel 

succinate-CoA ligase, ADP-forming, beta subunit 
clusterin (complement lysis inhibitor, SP-40, 40, sulfated gly- 
coprotein 2, testosterone-repressed prostate message 2) 
granin-like neuroendocrine peptide precursor 
DC2 protein 
Novel 
Novel 

CS box-containing WD protein 
glioblastoma overexpressed 

ESTs, Weakly similar to Similar to S. cerevisiae hypothetical 

protein L3111 
Novel 
Novel 
Novel 
Novel 
ESTs 

ATPase, Ca++ transporting, cardiac muscle, slow twitch 2 
KIAA0323 protein 

mitogen-activated protein kinase kinase kinase kinase 3 
guanine nucleotide binding protein (G protein), alpha inhibiting 

activity polypeptide 2 
RPB5-mediating protein 

acetyl-Coenzyme A acetyitransferase 2 (acetoacetyl 

Coenzyme A thiolase) 
phenylalanine-tRNA synthetase-like 
RecQ protein-like 4 
hypothetical protein 

proteolipid protein 2 (colonic epithelium-enriched) 
homolog of Yeast RRP4 (ribosomal RNA processing 4), 

3 '-S'-exoribonuclease 
replication factor C (activator 1) 5 (36.5kD) 
upstream binding transcription factor, RNA polymerase I 
apurinic/apyrimidinic endonuclease(APEX nuclease)-like 2 

protein . 



i 
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UGD or Tag 


CAP 


DHT 


Change 


P value 


Description 
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2.43E-02 


ATP-binding cassette, sub-family E (OABP), member 1 


12797 

1 <■* f w f 


o 


5 


Induced 


2.43E-02 


DEAD/H (Asp-Glu-AJa-Asp/His) box polypeptide 16 


7736 


o 


5 


Induced 


2.43E-02 


hypothetical protein 


274479 


0 


5 


Induced 


2.43E-02 


NME7 


1 531 38 


o 


5 


Induced 


2.43E-02 


origin recognition complex, subunit 5 (yeast homologHike 


16034 


0 


5 


Induced 


2.43E-02 


ESTs 


270072 


0 


5 


Induced 


2.43E-02 


ESTs 


187035 


0 


5 


Induced 


2.43E-02 


ESTs 


140452 


o 


5 


Induced 


2.43E-02 


carqo selection protein (mannose 6 phosphate receptor bin- 
ding protein) 


182265 
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Table 3. Continued 



UGD or Tag 


CAP 


DHT 


Change 


P value 


Description 


251317 


5 


0 


Repressed 


3.26E-02 


EST 


279623 


5 


0 


Repressed 


3.26E-02 


selenoprotein X 


150319 


5 


0 


Repressed 


3.26E-02 


ESTs 


102456 




0 


Repressed 


3.26E-02 


survival of motor protein interacting protein 1 


284250 


5 


0 


Repressed 


3.26E-02 


AD-003 protein 


251871 


5 


0 


Repressed 


3.26E-02 


CTP synthase 


270480 


7 


1 


Repressed 


3.92E-02 


ESTs, Weakly similar to ALU5JHUMAN ALU SUBFAMILY SC 










SEQUENCE 


26655 


7 


1 


Repressed 


3.92E-02 


glucose-6-phosphatase, transport (glucose-6-phosphate) 
protein 1 


8118 


7 


1 


Repressed 


3.92E-02 


leukotriene A4 hydrolase 


CTCCGCCGGC 


7 


1 


Repressed 


4.47E-02 


Novel 


AGGAAATGCT 


7 


1 


Repressed 


4.47E-02 


Novel 


GCTGACCGAGG 7 


1 


Repressed 


4.47E-02 


Novel 


CCCATAGTCC 


7 


1 


Repressed 


4.47E-02 


Novel 



CAP: LNCaP cells without dihydrotestosterone 

DHT: LNCaP cells treated with lO* dihydrotestosterone for 24 h 

UGD: unigenelD 

Numbers in CAP and DHT columns are the number of tags observed in respective samples 



3.2 Confirmation of SAGE data 

To confirm the differential expression pattern at the RNA 
level, semiquantitative RT-PCR assay was performed on a 
group of selected genes. One \ig of total RNA was reverse 
transcribed into cDNA with oligo dT. cDNA was amplified by 
PCR for various cycles. PCR products were separated on 
agarose gels and quantified by densitometry. PCR ampli- 
fication curves were plotted for each gene, and data within 
the logarithmic phase of amplification were used for quanti- 
fication (Fig. 1 A, B and C). The reproducibility of gene regu- 
lation by androgen was confirmed in three independent 
experiments by monitoring the induction of PSA in the pres- 
ence or absence of cyclohexamide (Fig. 1 B). The kinetics 
of gene induction or repression was determined for PSA 
(Hs.171995), clusterin (Hs.75106) and SCMH1 (Hs.57475) 
genes. Typical examples of kinetics are shown in Figure 
1C. PSA was induced at 4-6 h, peaked between 6-20 h, 
and gradually declined after 20 h post-treatment of DHT. 
Clusterin was induced within 0.5-1 h and gradually declined 
after 6-1 2 h. SCMH1 was repressed 2-4 h post-treatment. 
Expression of PSA, clusterin, and SCMH1 was quantified by 
real-time PCR (Fig.lD). 



3.3 Changes in protein expression induced 
by DHT 

Protein lysates of LNCaP cells cultured in the presence of 
DHT for 72 h and cells cultured in parallel in the absence 
of DHT were subjected to 2-D PAGE (Fig. 2). Following sil- 



ver staining, gels were digitized prior to computer-based 
matching and quantitative analysis, as previously des- 
cribed [17]. Of a total of 1031 protein spots matched 
between 2-D patterns of DHT treated and untreated celts, 
a set of 32 protein spots increased in intensity by at least 
two-fold in two independent experiments. Likewise, a set 
of 1 2 protein spots decreased in intensity by at least two- 
fold in these two independent experiments. A two-told 
change in integrated intensity by silver staining represents 
on average a three-fold change in amount of protein, 
based on prior quantitative studies [17]. 

The 44 protein spots that changed in intensity as a result 
of DHT treatment were excised from the gels, digested 
with trypsin, and subsequently analyzed by MALDI-TOF 
MS. The resulting spectra were used to identify the pro- 
teins using the MS-Fit search program. Of the 44 spots 
excised from the gels, 29 were identified without ambi- 
guity and consisted of 21 up-regulated and eight down- 
regulated proteins (Table 4). The identified proteins repres- 
ented a heterogeneous group that included cytoskeletal 
proteins (e.g. tropomyosin, a tubulin), metabolic enzymes 
(e.g. adenine phosphoribosyl transferase, p 1 f 4 galactosyl 
transferase, galactocerebrosidase), and the products of 
previously described androgen responsive genes (e.g. 
SRY, selenium binding protein) c [1 8, 19]. Specific anti- 
bodies confirmed the identification based on MS for all 
proteins analyzed by Western blotting, which included a 
tubulin, myosin light chain isoforms, nucleoside diphos- 
phate kinase A, glyceraldehyde 3-phosphate dehydro- 
genase (G3PD), and tropomyosin (data not shown). , 
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Figure 1. Kinetics and quanti- 
fication of androgen-regulated 
genes. Total RNA from un- 
treated and DHT treated 
LNCaP cells was reverse 
transcribed. cDNA was PGR 
amplified for various cycles. 
PGR amplification curves were 
plotted for each gene. A cycle 
number within the logarithmic 
phase of amplification was 
selected for semi-quantitative 
analysis. cDNA was also used 
for real-time quantitative PCR. 
(A) An example of RT-PCR 
amplification of PSA at cycles 
between 20-30. (B) RT-PCR 
of PSA tn three independently 
treated LNCaP samples, h: 
hours; 0: no DHT; 24: treated 
with 10-* M DHT for 24 h; -: 



without cycloheximide; +: with 5 ug/mL of cycloheximide for 24 h. (C) An example of three independent kinetics experi- 
ments for PSA, clusterin and SCMH1. (D) Comparison of SAGE results with that of real-time quantitative PCR for PSA, 
clusterin and SCMH1 . T: induction; |: repression. 



Corresponding SAGE data were available for most of the 
proteins affected by DHT treatment that were identified. It 
was therefore of interest to determine if the changes 
observed at the protein levels were matched by concor- 
dant changes at the mRNA level Remarkably, for most of 
the proteins identified, there was no appreciable concor- 
dant change at the RNA level (Table 4). 



4 Discussion 

We have compared the gene expression profile of 
LNCaP, an androgen responsive prostate cancer cell 
line, with or without androgen (DHT) treatment. Approxi- 
mately 350 of 16570 expressed genes detected at the 
RNA level were affected by dihydrotestosterone at the 
p<0.05 level. The DHT responsive genes included 
known genes, ESTs, and novel genes. As expected, we 
saw an induction of genes that are well known to be 
regulated by androgens. For instance, we found a 1 .7- 
fold induction in kallikrein 3/PSA, a 7.6-fold induction in 
prostatic kallikrein 2, and a 15.7-fold induction in pro- 
static acid phosphatase by DHT in LNCaP cells. We 
also saw a five-fold induction in NKX3.1/NKX3A and 
three-fold in fatty acid synthase; two previously identified 
androgen-regulated genes [20, 21]. Interestingly p-micro- 
seminoprotein, reported to be reduced or lost in prostate 
tumor [22], was up-regulated more than 40-fold in 



LNCaP cells by DHT. More significantly, our data indicate 
that genes involved in a variety of tumor cell functions 
such as growth, apoptosis, and metastasis, are directly 
or indirectly regulated by androgens. In addition, it is 
noteworthy that both p-actin and G3PD, the two most 
frequently used loading controls, were up-regulated 
approximately two-fold by DHT (p<0.01). Thus, these 
two genes may not be appropriate controls in some 
experiments. 

Serial analysis of androgen-regulated gene expression 
provides us with a list of candidate genes. However, 
many factors such as the dose' of DHT and the time of 
cell exposure to DHT and other unknown experimental 
variations will affect the level of gene expression. There- 
fore, it is important to confirm the SAGE results with alter- 
native methods. We performed semiquantitative RT-PCR 
(Fig. 1 B) on approximately 20 genes and real-time quanti- 
tative PCR on 10 genes in at least three independently 
DHT treated LNCaP samples. We noticed experimental 
variations in every gene determined. Some genes such 
as PSA (Fig. 1B) have smaller variations and some have 
larger variations. In addition, the fold of alteration in 
expression identified by SAGE is different for some genes 
compared to that identified by real-time quantitative PCR. 
This is probably due to the technical limitation of SAGE. 
Serial analysis of gene expression is highly quantitative 
for genes whose tags are detected at large numbers. 
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Figured 2-D PAGE patterns of 
untreated (A) and LNCaP cells 
treated with OHT for 72 h (B). 
Identified proteins that were 
reduced in levels following DHT 
treatments are shown in (A) and 
induced proteins are shown in 
(B). Numbered spots represent 
either proteins that were chan- 
ged in level that have not been 
identified or isoforms of identi- 
fied proteins. 
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Table 4. List of proteins that are altered by DHT (2: 2-fold) 
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Protein name or 
sport number 



Unigene Protein 
ID 



Oh 



72 h 



Change mRNA 
in protein 



n h 


24. h 


36 


18 


2 


5 


48 


38 


16 


5 


2 


3 


59 


32 


35 


40 


14 


18 


3 


3 


27 


22 


118 


88 


118 


88 


_118 


88 


35 


25 


2 


2 


' 2 


5 


1 


0 


ND 


ND 


ND 


ND 


NO 


ND 


7 


13 



Change 
in mRNA 



Adenine phosphoribosyl transferase 

Alpha Endosu [fine 

Alpha Tublufn 

Nucleophosmin, B23 

CGI-83 

Creatine Kinase B chain (brain) 
Cytokeratin 8 

Cytoskeletal tropomyosin, NTRK1 

Galactocerebrosidase 

Lactoyl Glutathione Lyase 

Myosin Light Chain (1000) 

Myosin Light Chain (1001) 

Myosin Ught Chain (1 032) ■ 



Nm23 

Protein phosphatase 6, catalytic 
Protein 

Slow Skeletal Muscle Troponin 

SRY male gonadal sex determining 

Synovial sarcoma, X breakpoint 2 

Terminal deoxynucleotidyl 

Transformer-2 alpha 

284 

402 

456 

664 

807 

863 

903 

1018 

1054 

1057 

1082 

14-3-3 eta 

Beta-1 f 4-galactosyl transferase 
Cox11 

Dihydrolipoamide dehydrogenase 
G3PD (456) 
G3PD (457) 

Selenium Binding Protein (234) 

Selenium Binding Protein (237) 

651 

745 

892 

1178 



28914 
111680 
278 242 
173 205 
118554 
173 724 
242463 
85844 
273 
75207 
77385 
77385 
77385 



118638 
279 563 
7016 
84673 
1992 
289105 
272 537 
119523 



75 544 
158540 
241 515 
74635 
169476 
169479 
7833 
7833 



0.448 
0.066 
0.924 
0.256 
0.063 
0.508 
0.134 
0.414 
0.095 
0 

0.724 

0.6 

2.573 

0.583 

0.287 

0 

0.067 
0 

0.225 
0.392 
0.074 
0.173 
0 

0.154 
0.297 
0 

0.246 
0.271 
0 

0.47 

0.451 

0.609 

0.232 

1.306 

1.643 

0.844 

1.191 

2.051 

0.411 

0i574 

0-31 ; 

0.2t 

0.674 

0.933 



1.084 

0.679 

1.932 

0.522 

0.291 

1.142 

0.393 

1.174 

0.405 

1.256 

6.102 

3.212 

5,694 

1.978 

0.737 

0.448 

0.195 

0.735 

0.593 

0.995 

0.201 

0.461 

0.33 

0.314 

0.629 

0.377 

0.665 

0.632 

0.725 

1.394 

0.959 

1.738 

0.114 

0.707 

1.453 

0.132 

0.279 

0.336 

0.201 

0.22 

0.115 

0.067 

0.454 

0.305 



1 

ND 
3 
9 
75 
75 
26 
26 



5 
ND 
0 
8 

137 
137 
31 
31 



T 



Numbers in protein are the intensity of protein spots 

Numbers in mRNA columns are the number of SAGE tags detected 

ND: not detected 

|: increase; j: decrease; =: equal 
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When the tag number detected for a given gene is close 
to zero, the quantitative nature of SAGE is compromised. 
For instance, in approximately 60 000 transcripts of each 
sample, the PSA tag was detected 42 times in LNCaP and 
70 times in LNCaP treated with DHT. However, the tag for 
clusterin was detected 0 times and 6 times, and the tag 
for SCMH1 5 times and 0 times in the corresponding sam- 
ples. Therefore, the SAGE data of PSA is more reliable 
than that of clusterin and SCMH1 . Indeed, SAGE data of 
PSA is virtually identical to that of real-time quantitative 
PCR, whereas the SAGE data of clusterin and SCMH1 dif- 
fer from that of quantitative PCR (Fig. 1 D). 

PSA is probably the best-known androgen-regulated 
gene. We were surprised to see only 1.7-fold induction 
by DHT. However, kinetics experiments indicate that PSA 
is induced at 4-6 h, peaked between 6-20 h, and gradu- 
ally declined 20 h post-treatment of DHT. Since the SAGE 
experiment was done in samples treated for 24 h with 
DHT, PSA mRNA level was likely to have declined from 
its peak level. Indeed, we could detect 5-1 0 fold induction 
of PSA at 6-8 h post-treatment. Clusterin was reported as 
an androgen-repressed gene in the rat prostate [23]. 
Recent evidence indicates that clusterin may not be 
directty androgen-repressed, but regulated by apoptotic 
stimuli [24], Our results suggest that clusterin was 
induced within 0.5-1 h, gradually declined after 6-12 h, 
and after 24 h reduced to a lower level than that of 
untreated cells (Rg. 1C). 

Another important question is how many of the andro- 
gen-regulated genes Identified are directly induced or 
repressed by androgens. In order to address this ques- 
tion, detailed analyses must be done for each gene. As 
the first step, we will divide the androgen-regulated 
genes identified in this study into two groups; the cyclo- 
hexamide-sensitive group whose induction or reduction 
of expression by DHT is blocked by the protein synthesis 
inhibitor and the cyclohexamide-insensitive group whose 
induction or reduction is not affected by cyclohexamide. 
We consider that genes in the latter group are directly 
regulated by DHT. Preliminary results suggest that 
approximately 20% of the 20 genes studied by RT-PCR 
are cyclohexamide-insensitive. Experiments are under 
way to determine the cyclohexamide sensitivity of all of 
the 149 genes listed in Table 3. Further characterization 
of androgen-regulated genes may provide some clues 
on the transition from hormone sensitive to hormone 
refractory prostate cancer. 

A relatively small set of genes could be analyzed at the 
protein level, largely due to the limited sensitivity of 2-D 
PAGE Nevertheless, a substantial number of detected 
proteins (44 of 1031 proteins analyzed, 4.3%) were 
affected by DHT treatment Some of the proteins in this 



subset that were identified included the products of 
genes that were previously shown to be affected by 
androgens, namely selenium binding protein, brain speci- 
fic creatine kinase, SRY protein, B23 and G3PD. Using 
a subtractive approach, the human selenium-binding 
protein gene was shown to be differentially expressed 
in LNCaP and reversibly down-regulated by exogenous 
androgen in a concentration-dependent manner, in con- 
cordance with our findings at the protein level [19], An 
increase in levels of the brain specific creatine kinase B 
chain in response to androgen has also been described 
[25]. Likewise the SRY gene has been found to be respon- 
sive to androgen stimulation In LNCaP cells [18]. Also, a 
number of glycolytic enzymes Including G3PD which 
were affected at the protein level have been found to be 
responsive to androgen stimulation [26). Androgenic reg- 
ulation of the amount and phosphorylation of the protein 
B23, included in cir list cf affected proteins, has been 
. previously described and found to be related to the early 
changes associated with androgen mediated growth of 
the prostate [27]. 

Corresponding SAGE data was available for most of the 
proteins affected by DHT treatment that were identified. 
Interestingly, for most of the proteins identified, there 
was no appreciable concordant change at the RNA level. 
There are several potential explanations for this lack of 
concordance. A particular gene may be represented by 
more than one protein isoform in 2-D gels. For example, 
in the identified group, three proteins (myosin light chain, 
G3PD and selenium binding protein) were represented 
by more than one isoform. Thus, a source of discordance 
between RNA and protein data may be that the protein 
change is limited to a particular isoform of a protein and 
not to overall protein products of a particular gene. 
Nevertheless, a change in a particular isoform is inform- 
ative and biologically meaningful and may not be pre- 
dictable from RNA data. A lack of concordance between 
RNA and protein data may also reflect either translational 
control, post-translational modifications, or changes in 
protein turnover due to DHT treatment. Yet another 
explanation for a lack of concordance could be a lag 
time for changes at the RNA level to be reflected in a 
protein change. It follows from the above considerations 
that monitoring gene expression at both RNA and protein 
levels may provide complementary information that could 
not be ascertained by solely measuring RNA or protein. 

We would like to thank Dr. Ken Kinzfer (Johns Hopkins 
University) for providing SAGE software. This study is par- 
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Web-based data warehouse on gene expression in 
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Based on biomedicaittterTture databases, we tried a first step fofconstructing a gene expression 
"data warehouse'' specific to human colorectal cancer (CRC). Results of genome-wide tran- 
scriptomic research were available from 12 studies, using various technologies, namely, SAGE, 
cDNA and oligonucleotide arrays, and adaptor-tagged amplification- Three studies analyzed CRC 
cell lines and nine studies of human samples. The total number of patients was 144. Out of 982 
up* or down-regulated genes, 863 (88%) were found to be differentially expressed in a single 
study, 88 in two studies, 22 in three studies, 7 in four studies, and only 2 genes in six studies. 
Eight large-scale proteomics studies were published in CRC, using 2-D-, SDS- or free-flow elec- 
trophoresis, involving only 11 patients. Out of 408 differentially expressed proteins, 339 (83%) 
were found to be differentially expressed only in a single study, 16 in three studies, 10 in four 
studies, 3 in five, and 1 in eight studies. Confirmation at proteome level of results obtained with 
large-scale transcriptomics studies was possible in 25%. This proportion was higher (67%) for 
reproducing proteome results using transcriptomics technologies. Obviously, reproducibility and 
overlapping between published gene expression results at proteome and transcriptome level are 
low in human CRC. Thus, the development of standardized processes for collecting samples, 
storing, retrieving, and querying gene expression data obtained with different technologies is of 
central importance in translational research. 
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1 Introduction 

Translational research in human colorectal cancer (CRC) is 
applying a large spectrum of molecular biology, cellular bi- 
ology, and advanced validation tools. In particular, genome- 
wide techniques are now applied to decipher modifications 
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in gene expression. In recent years, transcriptomics and 
proteomics tools have been broadly applied in CRC. The 
hope is that the new data obtained will now allow a classifi- 
cation of disease on molecular basis, deep insights into the 
pathophysiology of CRC, prognostic statements, and finally a 
systematic search for diagnostic and therapeutic targets. 

Because of the complexity of the biological system under 
investigation, the most significant contribution of transla- 
tional research in CRC is expected to derive not from the 
analysis of single experiments but from libraries of experi- 
ments. In other words, the results obtained so far by trans- 
lational research tools in different clinical and experimental 
settings need to be compared, contrasted, and if possible 
synthesized. Thus, based on the biomedical literature data- 
bases, we tried a first step for constructing such "data ware- 
house" specific to human CRC. 

www.proteomics-journal.de 
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The specific aims of the present study were to screen 
transcriptomics and proteomics studies published in CRC, 
and to elaborate a kind of "meta-analysis of gene expression" 
in CRC. Our hypothesis was that we would be able to deter- 
mine a common set of genes and gene products that are up- 
or down-regulated in human CRC by overlapping results 
obtained by different authors. 



2 Materials and methods 

This is a literature survey of gene expression data published 
in human CRC. A Medline search of reports published in 
English from 1990 to 2004 using the terms "colon cancer" 
and "gene expression" with the limit "human" was performed 
and yielded 1979 articles. All abstracts were reviewed and a 

- related article search was peiformed on appropriate abstracts. 
Articles were selected by a consensus of two reviewers (E.S., 
M.R.) that satisfied these predetermined criteria: sample ori- 
gin (human and/or cell lines) and preparation detailed, tech- 
nology for gene expression studies defined (transcriptomics 
and/or proteomics studies), and quantitative results on over- 
expression or underexpression available. Studies concerning 

V single genes or arbitrarily selected genes were discarded 
Results obtained in animal models were not considered. 

Data were entered into an Excel working sheet (Micro- 
soft, Seatde, USA). Since gene expression data were not 
always obtained with quantitative, but in most cases semi- 
quantitative gene expression analysis technologies, no 
expression values or ratios were entered into the database. 
Only genes reported as being over- or underexpressed were 
entered. No threshold was defined so that some genes 
defined as differentially expressed might have shown only 



marginal differences. Only descriptive statistics are provided, 
which were obtained with the in-built tools of the Excel soft- 
ware. 

Various methods were used for large-scale translational 
research in CRC, including transcriptomics and proteomics 
technologies. Results of genome-wide trans criptomic re- 
search are available from 12 studies, using various technolo- 
gies, namely, SAGE (five studies), complementary DNA 
(cDNA) arrays (five studies), and oligonucleotide array (one 
study), as well as adaptor-tagged amplification (one study). 
Three studies analyzed CRC cell lines and nine other studies 
analyzed human samples. The total number of patients pro- 
filed in all studies was 144. Out of the nine studies with hu- 
man samples, only two studies with a total of only 22 patients 
were performed using purified epithelial cells (one of them 
using cDNA arrays, the other one using SAGE technology). 
An overview of these studies is provided in Table L_ 

ttght large-scaIe~proteomics studies were published in 
CRC using various technologies, namely. 2-D PAGE (six 
studies), SDS-PAGE (one study), and free-flow electrophore- 
sis (one study). In total, all proteome studies in CRC involved 
only 11 patients. An overview of these studies is provided in 
Table 2. 



3 Results 

One thousand two-hundred and forty genes have been 
reported to be dysregulated (up- and/or down-regulated) in 
human CRC. representing about 5% of the 20000-25 000 
human genes. 



* The complete dataset can be consulted: 
http:/ /www.chinirgiebethelde 



Table 1. Large-scale of genome-wide transcriptomics studies in human CRC, using cell lines or human tissues. All studies together 
involved only 144 patients 



Author 



Year Sample 



Preparation 



Method 



Number 
of patients 



Zhang era/. [181 
SAGE-NET [19] 
Zhang etal. [181 
Parle-McDermott etal. [20| 
Yanagawa et ai (21 1 
Takemasa etal. [22] 
Nottermann etal. [23] 

Buckhaultsefa/. [24] 

Birkenkamp etal. (25) 
Lin etal. [26] 

Muro etal, [27] 
Williams etal. [28] 



1997 


Normal mucosa and primary tumors 


Whole tissue 


SAGE 


2 


1997 


Primary tumors and cell lines 


Cell lines 


SAGE 




1997 


Cell lines 


Cell lines 


SAGE 




2000 


Cell lines 


Cell lines 


SAGE 




2001 


Paired normal and cancer 


Whole tissue 


cDNA 


20 


2001 


Paired normal and primary tumors 


Whole tissue 


cDNA 


20 


2001 


Paired normal mucosa and primary 


Whole tissue 


Oligonuc- 


22 




tumors, or adenoma 




leotide array 




2001 


Normal mucosa, adenoma and 


Purified epithelial 


SAGE 


6 




j primary tumors 


cells 


cDNA 


27 


2002 


Paired normal and primary tumors 


Whole tissue 


2002 


Paired normal mucosa and primary 


Purified epithelial 


cDNA 


16 




tumors, or adenoma 


cells } 






2003 


Normal and cancer 


Whole tissue 


Adaptor-tagged 


11 


2003 


Paired normal mucosa and primary 


Whole tissue 


cDNA 


20 




tumors, normal and adenoma 






• 
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Table 2. Large-scale or proteomics studies in human CRC, using cell lines or human tissues. All studies together 
involved only nine patients 



Author 


Publication 


Sample 


Method 


Number 




year 






of patients 


Raymond etal. [91 


1997 


Purified epithelial cells 


2-D PAGE 


1 


Simpson et al. [29] 


2000 


Cell lines 


SDS-PAGE 




Lawrie etal. (30) 


2001 


Purified epithelial cells 


2-D PAGE 


4 


Simpson etal. [31] 


2001 


Cell lines 


Free-flow electrophoresis 




Medjahed eta/. [32] 


2003 


Insilico 


2-D PAGE 




Demalte etal. [33) 


2003 


Cell lines 


2-D PAGE 




Stierum etai [34] 


2003 


Cell lines 


2-D PAGE 




Friedman etal. [35] 


2004 


Human whole tissue 


2-D PAGE 


6 



The vast majority of dysregulated genes in human CRC 
was foundusing transcriptomics tools: a totaj of. 982 genes 
was found to be differentially expressed in at least one of 
these 12 transcriptomics studies. Out of these 982 genes. 863 
(88%) were found to be differentially expressed only in a 
single study, in other words these results have not been 
reproduced so far. Hie other findings could be reproduced in 
two or more transcriptomics studies: 88 genes were found to 
be differentially expressed in two studies, 22 in three studies, 
7 in four studies, no gene in five studies, and 2 genes in six 
studies. The most cited genes are listed in Tables 3 (up-reg- 
ulation) and 4 (down-regulation). 

A total of 408 proteins were found to be differentially 
expressed inhuman CRC in at least one study. Out of these 408 
molecules, 339 (83%) were mentioned in a single study, in 
other words these results could not be reproduced. Differential 
expression of the remaining 70 proteins were mentioned with 
following frequenc: 40 were mentioned in two proteomics 
studies. 16 in three studies, 10 in four studies, 3 in five studies, 
and a single protein in eight studies. The most cited proteins 
are listed in Table 5 . It has to be noted that only a single study 
[1] provided differential display protein expression data 
obtained in the human patient, using whole tissue biopsy. 

It is also difficult to reproduce transcriptomics results 
with proteomics tools. Out of 982 genes found to be differ- 
entially expressed in human CRC by .genome-wide tran- 
scriptomics technologies (Table 6a), only 177 (18%) have 
been confirmed using proteome technologies. When the 
genes reported to be differentially expressed in three and 
more transcriptomics studies (»=31) are compared with 
those reported to be differentially expressed in three and 
more proteomics studies (n « 30), only two genes (actin: 
ACTB_HUMAN and creatin-kinase: KCRB.HUMAN) can 
be matched. Thus, the probability of reproducing a gene 
expression result obtained at transcriptome level is low when 
using proteomics technologies. 

In contrast there is a better reproducibility when prote- 
omics results are verified using transcriptomics tools 
(Table 6b). In feet, when the subset of 30 proteins that are 
consistently (in three studies or more) reported to be dysreg- 
ulated in CRC is compared with transcriptomics results, 20 

© 2005 W1LEY-VCH Veriag GmbH & Co. KGaA, Welnheim 
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genes can be matched, representing about two-thirds. Thus, 
the.probability of beinj* able to reproduce a proteomics result 
using transcriptomics tools is more than three times higher 
than the opposite way (67 vs. 18%). However, it has to be 
noted that in 16% of cases, results remain unclear or even 
contradictory. 

Both in the transcriptomics and proteomics studies, 
many genes and factors were found to be differentially regu- 
lated that obviously do not play a causal role in CRC carci- 
nogenesis. 

4 Discussion 

This study was aimed at screening transcriptomics and pro- 
teomics studies published in CRC, and to elaborate a kind of 
meta-analysis of gene expression in CRC in order to generate 
a data warehouse that would be useful in translational 
research. A significant number of translational research 
studies have been published in CRC, starting in 1997 with 
SAGE technology, followed by an increasing number of array- 
based transcriptomics studies since 2001, and more recently 
by several proteomics studies. This has created a significant 
amount of data which we were then able to compile. 

Our starting hypothesis was that we would be able to 
determine a common set of genes and gene products that are 
up- or down-regulated in human CRC by comparing results 
obtained by different authors. This endeavor was not very 
successful; obviously, overlapping between published gene 
expression results both at proteome and transcriptome level 
is low in human CRC. In feet, more than 80% of results 
could not be reproduced. Several explanations can be pro- 
vided to explain this lack of reproducibility. 

First, the number of patients included in the studies is 
low (alltogether 144 patients in transcriptomics, 11 in prote- 
omics studies); some high impact publications having been 
conducted on samples of only two patients [18]. This is a 
problem because interindividual genetic variability is high in 
human CRC [2]. Thus, it is allowed to hypothesize that some 
results attributed to gene deregulation might be caused by 
genetic diversity rather man by cancer-specific traits. 
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Table 3. Results of transcriptomics research in human CRC. Most cited up-regulated genes out of 12 genome-wide or large-scale studies 

TRANSCRIPTOMICS 



AF041260 



AA232508 



AA0O7218 



G01119 



X75821 



U22055 



U14631 



M 92439 



AF029082 



M86400 



L76465 



Accession 

Number Swiss-Prot Entry Name 



Name 



XS7352 



X03205 



M95787 



Z25821 



U96132 



AB028893 



X79239 



M13934 



MG0854 



M13932 



X69150 



106498 



075363 



Q9Y397 



Q96QY8 



Q04984 
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IFM2 HUMAN 



SAHH HUMAN 



BGH3 HUMAN 



TCP0 HUMAN 



CAtl HUMAN 



TF3A_HUMAN 



P80365 



P42704 



P31947 



P29312 



P15428 SPRC.HUMAN 



Q01628 
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Q01995 
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Q99714 



P04643 



Q02546 



P06366 



P17008, 
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GRO.HUMAN 



MDP1 HUMAN 



MPI2HUMAN 
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Q96AG0 



RL30 HUMAN 
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HS9B.HUMAN 



RLA2HUMAN 



CAM HUMAN 



APA1HUMAN 



BMP4HUMAN 



CSE1 HUMAN 



CD81 HUMAN 



TCPZL.HUMAN 
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Interferon-inducible protein 1-Bd 



S-Adenosylhomocysteine hydrolase AHCY) 



Transforming growth factor, beta-induzed, 66 kDa 
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C0L1A1 



General transcription factor II 1A 



GR01 oncogene (melanoma growth stimulating 
activity, alpha) - 



MPDP4, MDP7 microsomal dipeptidase 



M-phase inducer phosphatase 2 



Pyrrol in e 5-carboxilate reductase mRNA 



SecretBd protein, acidic„cysteine-rich 
(osteonectin) 



100 kDa coactivatormRWA 



50S Ribosomal protein 130' . 



60s ribosomal protein L23 



90-kDa HSP 



Acidic ribosomal phosphoprotein P2 mRNA 



Alpha-1 chain of collagen IV 



Apolipoprotein A-l 



Bone morphogenetic protein-2B (BMP-2B) 



CAS chromosome segregation gene homologue 



CD81 antigen 
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Collagen alpha-2 type 1 
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Table 3. Continued 



TRANSCRIPTOMICS 



Accession 

Number Swiss-Prot Entry Name Name 
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Oligunucleotide Array 


104483 


P35265 
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Complement component C2 


1 
























M64716 


P251 1 1 


R1 OA HUMAN 


Csa-19mRNA 


1 




1 




















X77770 


P02383 


R0A1 HUMAN 


DNA binding protein UPI, liver mRIMA fragment 




1 






















W52460 


P14798 


TP2AJWMAN 


DNA topoisomerase II (top2) 


1 


; 






















X55715 


P23396 


IF39 HUMAN 


Eukaryotic translation initiation factor(EIF3)mRNA 


1 
























M77234 


P49241 


IF2B HUMAN 


Eukaryotic translation initiation factor 2, subunit 2 


1 
























M58458 


P 12750 


GGH HUMAN 


Gamma-gfytamyl hydrolase 
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G3P2 HUMAN 


Glyceraldehyde 3 phosphate dehydrogenase 
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Glycyl-tRNA synthetase 
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H19RNA 
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X61156 
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Heat shock Protein HSP 90-Alpha 
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136055 


Q13541 


HMG1 HUMAN 


Hmgl mRNA for high mobility group protein 1 
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AA316619 


P04645 


RS23.HUMAN 


Human homolog of yeast ribosomal protein S23 
(D14530) 


























LI 4599 


Q15233 


IMD2 HUMAN 


IMP (inosine monophosphate) dehydrogenase 2 


























X79234 


P39026 


IFM1.HUMAN 


Interferon induced transmembrane protein 1(9- 
27} 
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LDHB HUMAN 


Lactate dehydrogenase B(LDH-B) 
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LLRep 3 
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, 








125899 


P39030 


NPL1_HUMAN 
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Table 4, Results of transcriptomics research in human CRC. Most cited down-regulated genes out of 12 genome-wide or large-scale studies 

TRANSCRIPTOMICS 
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Table 4. Continued 



TRANSCRIPTOMICS 



• 

Entry Name Name 


Yanagawa et al 2001 [21] 


Muro et al 2003 [27] 


Buckhauhs et al 2001 (24] 


Birkenkamp et al 2002 [25] 


Takemasa et al 2001 [22] 


I 

73 


Parle-McDermott 2000 [20] 


Zhang et al 1997 (18] 


57 

§ 


Zhang et al 1997 [18] 


1 
I 

75 
S 

M 
== 

* mm 

5 


I 

1 

75 
% 

c 

1 

Z. 


a 

w 


Adaptor-tagged 

- 


Ul - 

€S 

< 


cDNA 


g 
S 


2 
o 

« 


SAGE 


UJ 

5 


SAGE 


Ui 
< 


s 

a 


Oligonucleotide Array 


MT1E HUMAN 


cDNA similar to gb: M10942_cd$1 human 


















1 






1 


000748 


CES 2 carboxylesterase 2 








1 


1 
















CMGA_HUMAN 


CgA 
























i 
i 


CLUS.HUMAN 


clusterin 
























1 


KlCT.HUMAN 


Cytokeratin 20 


















1 






1 


KDGA.HU MAN 


Diacylglycerol kinase 
























1 


0T0 HUMAN 


DTD sulfate transporter 










l 
















PLA8.HUMAN 


EST 1225945. 


















1 






1 


ATPA_HUMAN 


FI-ATPase alpha subunit 










1 
















LEG3 HUMAN 


Galectin-3 (Galactose-spechlc lectin 3) (MAC-2 antigen) 










1 
















ABP HUMAN 


HP-DA01 (diamine oxidase) 




















1 




1 


K1CS.HUMAN 


Keratin 19 












1 








1 






K2C8 HUMAN 


Keratin, type II cytoskeletal 8 (cytokeratin 8) (K 8) (CK 8) 














1 






1 






DHB2 HUMAN 


L1 1708 Estradiol-17 beta- dehydrogenase 2 












1 












1 


MT1HJWMAN 


Metallothionein 1H 
























1 


MUC2 HUMAN 


Mucin 2, intestinal/tracheal 














1 


1 . 










MEPAJWMAN 


PPH alpha gene 




















1 





1 


PA2A HUMAN 


RASF-A PLA2 gene 












1 










1 




MT1F.HUMAN 


RNA helicase-related protein 
























1 


SBP1_HUMAN 


SBP selenium-binding protein 












1 


1 












MT1 INHUMAN 


Serine theonine kinase 39 (STE20/SPS1 homolog.yeast) 












1 












1 


MYL6 HUMAN 


Myosin light polypeptides 


















1 




1 




TETN.HUMAN 


TNA tetranectin 












1 












1 


VIPR_HUMAN 


VIPfll vasoactive intestinal polyoeptide receptor 1 












1 












1 


PLA8JWMAN 


Placenta-specific gene 8 protein 




















i 




1 


Q9NXM9 


Hypothetical protein FU20151 












1 












1 


T4S1 HUMAN 


Transmembrane 4 superfamily member 1 








1 












1 






ALU2 HUMAN 


Alu subfamily SB sequence contamination warning entry 






1 






1 














S 1 16 HUMAN 


SI 00 calcium-binding protein A16 


















1 


I 






C14A HUMAN 


Dual specificity protein phosphatase CDC14A 




















' 1 1 





Second, results have been obtained using heterogeneous 
samples in particular cell lines, whole tissue biopsies, and 
epithelial cells purified from surgical specimens. Results 
obtained in cell lines do not allow accurate comparison be- 
tween normal and cancer cells, and the presence/absence of 
proteins of interest has to be confirmed in biopsies. For 
example, when 2-D PAGE protein patterns of normal human 



colonic crypts were compared with the CRC cell line LIM 
1863, the proteins spots from normal crypts matched only 
75-80% of the cell line spots and the relative expression 
levels of a large number of proteins differed [3J. When clin- 
ical biopsies are examined, results of phenotypic compar- 
isons depend on the type of samples examined (eg., hetero- 
geneous whole tissue biopsies with inflammatory cells, 
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Table 5. Results of proteomics research in human CRC. Most c'rted up-regulated (orange), down-regulated (green), or mentioned (yellow) 
proteins out of 12 large-scale proteomics studies 



■.".■.W.W.-," .V.V 



'.',V/.V.V.V 



•".•■^•.V.'J'.W 



Accession 

Number Swiss-Prot Entry Name 



Name 



AF041260 



AA232508 



AA007216 



X77584 



X75821 



U22055 



U14631 



M 92439 



AF029O82 



M86400 



L76465 



X57352 



X03205 



075363 



Q9Y397 



Q96QY8 



G01119 



Q04984 



Q96AG0 



P80365 



P42704 



P31947 



PM312 



PI 5428 



Q01628 



PI 0809 



M95787 



225821 



U96132 



AB028893 



X79239 



Ml 3934 



M60854 



M13932 



X69150 



L06498 



L04483 



M64716 



Q01995 



P42126 



Q99714 



P04643 



Q02546 



P06366 



P17Q08 



P08708 



P25232 



P17075 



P35265 



P25111 



X77770 



W52460 



X55715 



M77234 



M58458 



016992 



M77233 



F16294 



X61156 



P02383 



PI 4798 



P23396 



P49241 



P12750 



P10660 



P23821 



P09058 



P08665 



L36055 



Q13541 



ACTB„HUMAN tnRMA fragment encoding cytoplasmic actin 



ACTGJWMAN 



GTP HUMAN 



THI0 HUMAN 



ANX3HUMAN 



ANX4.HUMAN 



K1CR_HUMAN 



ATPBJWMAN 



PPIA HUMAN 



P0A3JHJMAN 



TPIS HUMAN 



TCTP HUMAN 



CH60.HUMAN 



VINC HUMAN 



EF1G HUMAN 



TBA1 HUMAN 



Actin, Cytoplasmatic 2 (Gamma-Actin) 



Glutathione S-transferase M3 (brain) 



Thioredoxin (ATL-derived factor) (ADR 



Annexin III (Lipocortin III) 



Annexin IV (lipocortin IV) 



Keratin,type I cytoskeletal 18 (cytokeratin 18? (K18) (CK18) 



ATP5B ATP synthase 



Peptidyl- Prolyl Cis-Trans Isomers se A (Cyclophilin A) 



Probable protein disulfide isomerase ER-60 precursor 



Triosephosphate isomerase (TIM) 



Translationally controlled tumor protein (TCTP)(p23) 



Heat shock protein 60 



Vinculin 



Elongation factor 1 -gamma mRNA 



Tubulin alpha-1 chain, brain specific 



CATDJUNIAN 



EF11 HUMAN 



G3P2.HUMAN 



GR78.HUMAN 



EN0A_HUMAN 



CRTC HUMAN 



C0F1 HUMAN 



Cathepsin D (EC 3.4.23..5).{GENE.CTSD}Homo sapiens 



Elongation factor 1-alpha, mRNA 



Glycer aldehyde 3 phosphate dehydrogenase 



78 kDa glucose-regulated protein precursor (GRP 78) 



Alpha enolase (2-phospho-D-glycerate hydrolase) 



Calrecticulum precursor (CR55) (calregulin) 



Cofilin, non-muscle isoform 



HS7C.HUMAN 



HBB HUMAN 



K2C8.HUMAN 



RM12 HUMAN 



GR75 HUMAN 



S0DCHUMAN 



KCRB HUMAN 



143Z HUMAN 



RL4_HUMAN 



ANX1 HUMAN 



Heat shock Cognate 71 kDa protein 
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HKW - C'{ Tfi'iV i Vi jdVji * 



Hemoglobin beta chain.{GENE: HBB} h.s 



Keratin, type II cytoskeletal 6 (cytokeratin 8) (K 8) (CK8) 



Mitochondrial 60s ribosomal protein L7/L12 precursor 



Mitochondrial stress-70 protein precursor (GRP 75) 



Superoxide Dismutase (Cu-Zn) 



Creatine kinase 



14-3-3 protein zeta/delta (protein kinase C inhibitor protein-1) 



60s ribosomal protein L4 (LI) 



Annexin I (lipocortin I) (calpactinll) (chromobindin 9) (p35| 



R0A1 HUMAN 



AB INHUMAN 



DNA binding protein UP), liver mRNA fragment 



L-FABP liver fatty acid-binding protein 1 
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Table 5. Continued 



Accession 

Number Swiss-Prot 



Entry Name 



Name 



AA316619 



LI 4599 



P04645 



Q15233 



PAB1.HUMAN PoIy(A) binding protein, mRNA 



RLLHUMAN 



Ribosomal protein L 3 
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X79234 



P39026 



RS19HUMAN 



S 19 ribosomal protein. 



L06505 



X64707 



P30050 



SAHH_HUMAN 



S-Adenosylhomocysteine hydrolase AHCY) 



P26373 



TERA_HUMAN 



Transitional endoplasmic reticulum ATPase (TER ATPase) 



"1 




X56932 



P40429 



GDIRHUMAN 



Rho GDP-dissociation inhibitor 1 



L25899 



X63527 



P39030 



AC0N HUMAN 



PI 411 8 



AKA1.HUMAN 



Aconitate hydratase, mitochondrial precursor (aconttase) 



Alcohol dehydrogenase (NADP+) (aldehyde reductase) 



Six-: 



X89401 



H59771 



M94314 



P46778 



AAC4HUMAN 



Alpha-Actinin 4 



P23131 



NPMHUMAN 



B23 nucleophosmin 



P386B3 



CATA_HUMAN 



Catalase 



LI 9527 



P08526 



CD44HUMAN 



CD44 antigen (Phagocytic glycoprotein I) 



A: 



U14968 



P46776 



TCPZ_HUMAN 



Chaperonin containing TCP1, subunit6A(zeta1) 



U14969 



P46779 



C0XAHUMAN 



Cytochrome c oxidase pofypepti-de Va, mitochondrial (EC 1.9.3.1) 
{GEIME:C0X5A)H.s 



m 



...fif ■ 



m 



****** ;m<n 



L38941 



P49207 



C0XB HUMAN 



Cytochrome C oxidase polypeptide VB precursor.COXSB 



m 



U12465 



F19234 



X66699 



P42766 



EF1B HUMAN 



Elongation factor 1-beta (EM -beta) 



Ji 



PI 8077 



ER29 HUMAN 



Endoplasmatic reticulum protein ERp29 (ERp31) (ERp28). 



W 



PI 2751 



EZRI HUMAN 



Ezrin(p81)(cytovillin)(villtn-2) 



D23660 



P36578 



ALFA-HUMAN 



Fructose-Biphosphate Aldolase A (Muscle-Type Aldolase) 



K ltt 



U14966 



P46777 



DHE3HUMAN 



Glutamate dehydrogenase 1 precursor (GDH) 



X06705 



P1 1518 



HS9/LHUMAN 



Heat shock Protein HSP 90-Alpha 



m 



D14531 



P32969 



R0LHUMAN 



Heterogeneous nuclear ribonucleoprotein L (HNRPN l| 



U30255 



P52209 



K2C1HUMAN 



Keratin, type II cytoskeletal 1 {cytokeratin 1) (K1| (CK1) 



m 



M 111 L 



M81182 



U04627 



P28288 



PDX1 HUMAN 



Peroxiredoxin 1 (EC 1.1 1,1.-) (Thioredoxin peroxidase 2) 



m 



P40939 



060506 



PRM RNA binding protein Gry-rbp (GRY-RBP)mRNA 



X87949 



PI 1021 



PHBHUMAN 



Prohibra'n 



1 

! V i Y it 



" *Wjt . tBT' 



M16660 



P08238 



POLHUMAN 



Protein disulfide isomerase precursor (POI) 



U79725 



Q99795 



SPCBJIUMAN 



Spectrin beta chain, erythrocyte (Beta -I spectrin) 




D10511 



P24752 



PDX3.HUMAN Thioredoxin-dependent peroxide reductase, mitochondrial 



M55040 



AF102542 



P22303 



TPM3HUMAN 



Tropomyosin alpha 3 chain (Tropomyosin 3) 



095395 



NDKA HUMAN 



(Mon-metastatic cells 1, protein (NM23A|ex pressed in 



W45148 



P24666 



143S HUMAN 



14-3-3 PROTEIN SIGMA 



M17885 



M17886 



M17887 



P05388 



P05386 



P05387 



RL24 HUMAN 



60s ribosomal protein L24(L30) 



Apolipoprotein A-l 



SDH2 succinate dehydrogenase flavoprotein subunrt 
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Table 6. Reproducibility of transcriptome results using proteomics toots (a) and vice versa (b). Proteomics results have been reproduced in 
67% of cases in transcriptomics studies. Results from transcriptomics studies are more difficult to reproduce using proteomics 
tools (25%). Only two gene products can be retrieved in three and more proteomics and transcriptomics studies (actin and creatin- 
kinase) 

a. Transcriptomics > Proteomics 
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AccessioH 

Number Swiss-Prol Entry Name Name 



AFD4126Q j 0753S3 



AA232508 1 Q3Y397 



AA007218[Q96QY8 



X05014 IG01119 



X75821 



UZ20SS 



U14631 



M 92439 



AFQZ908Z 



M 86400 



L7S465 



X57352 



XQ3205 



M95787 



Z25821 



U36132 



AB028893 



X79239 



M13934 



M6Q854 



M13932 



X69150 



L06498 



004984 



Q96AG0 



P8Q365 



P42704 



P31947 



P2S312 



P15428 



Q01628 



P50991 



Q01995 



CAH2.HUMAN 



CEA1.HUMAN 



BENE HUMAN 



CAH1 .HUMAN 



GUAU_HUMAN 



IFM2 HUMAN 



FABL.HUMAN 



SAHH_HUMAN 



BGH3 HUMAN 



ACDS.HUMAN 



ADHG.HUMAN 



CC16.HUMAN 



TCPD_HUMAN 



T4S3HUMAN 



Carbonic enhydrasa U 



EST (BILIARY GLYCOPROTEIN) 



BENE 



Carbonic enhydraso I 



GCAP-ll guanylate cyclase activator 2B; Uroguanyjin; UGN 



Interferon-inducible protein 1-Bd 



L-FABP liver fatty acid-binding protein 1 



S-Adenosylhomp cysteine hydrolase AHCY1 



Transforming growth factor, beta-induced, 66 kDs 



Acyl-CoenzyineA dehydrogenase C-2 to C-3 short chain 



ADHgama 2 subunit (83-1-375) 



APC6 or CDC16Hs cell division cycle 16 



Cheperonin containing TCP-1. subunit 4 (delta) 



Co-Q29^ransmembrane 4 superfamily member 3 



C0L1A1 



Colon mucosa- associated (DBA) 



Creatine kinase 



Q02546 



P06366 



P17008 



P08708 



P25232 



P17075 



L04483 P35265 



M64716 iP25111 



4- 



X77770 IPQ2383 



W52460 !P14798 



X55715 [P23398 



M77234 P49241 



M58458 IP127S0 



D1699Z P1Q660 



TF3A.HUMAN 



GR0_HUMAN GR01 oncogenefmelanoma growth stimulating activity, alpha) 



GUAN_HUMAN 



095784 



(TMC.HUMAN 



MK03.HUMAN 



FXY3.HUMAN 



MDPI HUMAN 



MPI2.HUMAN 



ACTB.HUMAN 



PRPCHUMAN 



SPRC.HUMAN 



SELP_HUMAN 



5ST1.HUMAN 



General transcription factor IDA 



GUCA1B guanulata cyclase activator 18/guanylih 1 . 



IgG Fc-b fading protein 



Integral membrane protein 2C 



MA PIG 



MATB protein 



MP DP 4, M0P7 microsomal dipeptidase 



M-phese inducer phosphatase 2 



mRNA fragment encoding cytoplasmic actin 



Pyrroiine S-carboxilate reductase mRNA 



Secreted protein.ectdic, cystaine-rich (osteonectin). 



Selenoprotein P 



EST 
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Table 6. Continued 

b. Proteomics >Transcriptomics 



Ntnflber Swiss-Pro! Entry Name Wwre 



W52460 



M17887 



P14798 



P05387 



AA496678 P20749 



U53445 



X56932 



U14631 



M33987 



X51346 



X17206 



M 36035 



X75821 



W52342 



W89072 



WB5876 



ABQZ8893 



U80040 



AA461325 



031840 



J04469 



X73502 



Z11692 



X84694 



U2Q272 



016111 



QS1UM3 



P40429 



P80365 



P00915 



PI 7535 



P15880 



P3Q536 



004984 



P29312 



001628 



Q01995 



P04643 



099798 



Q9UEY8 



P54259 



PI 2532 



P35900 



P13639 



P49411 



092664 



P30086 



M13932 



Z70701 



F15744 



T74426 



060944 



Hs.7369 



P08708 



P25232 



P25111 



Q9UNH5 



Q9Y365 



P49241 



ACTB.HUMAN mRNA fragment encoding cytoplasmic actin 



GTP_HUMAN 



ACTG_HUMAN 



THIOlUUMAN 



ATFB.HUMAN 



K1CR.HUMAN 



ANX4.HU MAN 



CHB0_ HUMAN 



PPIA.HUMAN 



TPIS.HUMAN 



ANX3_HUMAN 



Glutathione S-transferase M3 {brain) 



Acttn, Cytoplasmatic 2 (Gamma-Act in| 



lUaredoiuD (All-danvad factof) (ADF) 



ATP5B ATP synthase 



Keratin, type I cytoskeletal 18 (cyto keratin 181 (K18) <CK1B) 



Ann ex in IV (lipocortin IV) 



Heat shock protein 60 



Peptidyt-Prolyl Cis-Trans Iso meres e A (Cyclophilm A) 



Triosephosphate isomerase (TIM) 



Annexin III (Lipocortin III) 



P0A3.HUMAN 



TCTP.HUMAN 



VINC.HUMAN 



KCRB.HUMAN 



G3P2.HUMAN 



K2C8_HUMAN 



GR78_ HUMAN 



CATD.HUMAN 



C0F1.HUMAN 



EFII.HUMAN 



EF1G.HUMAN 



HS7C.HU MAN 



TBA1.HUMAN 



ENOA_HUMAN 



CRTC_HUMAN 



HBB_HUMAN 



RM 12 HUMAN 



GR75HUMAN 



S0DC.HUMAN 



Probable protein disulfide is o me rase ER-60 precursor 



TranslationaBy controlled tumor protein (TCTP)(p23) 



VincuDn 



Creatine kinase 



Gtyce raldehyde 3 phosphate dehydrogenase 



Keratin, type II cytoskelatal 8(cytokeratm 8) <K 8) (CK 81 



78 kOa glucose-regulated protein precursor (GRP 78) 



Cathepsin D (EC 3,4.23.JMGENHCTSD)Homo sapiens 



Cofilin, non-muscle bofonn 



Elongation factor 1-elpha, mRNA 



Elongation factor 1 -gamma mRNA 



Heat shock Cognate 7 HDa protein 



Tubulin alpha-1 chain, brain specific 



Alpha enolase (2-phospho-D-q)ycerete hydro -lyase) 



Calrecticulum precursor (CR55) (calregutin) 



Hemoplobin beta chain.fGENE: HBB) hj 



Mitochondrial 60s ribosomal protein 17/112 precursor 



Mitochondrial stress-70 protein precursor (GRP 75) 



Superoxide Dismutase (Co-Zn) 
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necrosis, blood, stool, etc.), so that standardized sample 
preparation procedures are critical for obtaining reproduc- 
ible results. Several sample preparation methods have been 
described, in particular fluorescence -activated cell-sorting 
(FACS) [4], laser capture microdissection (LCM) [5-8], 
irnmunomagnetic beads separation [9], and cellular frac- 
tionation [10]. Unfortunately, these sample preparation 
procedures were barely applied in CRC. In our experience, 
the beads-based method is characterized by several advan- 
tages when compared with other cell purification proce- 
dures [11]. 

Third, gene expression patterns depend on the arrays 
technology platform. In transcriptornics studies any factors 
may affect the outcome of a microarray experiment, in par- 
ticular technical, instrumental, computational, and inter- 
pretative factors. In fact, lack of reproducibility and accuracy 
is a mtsjot-Cpncern in microarray studies [17.] . When cr oss- 
platform comparison was performed, reproducibility was 
insufficient only four genes from a set of 185 common genes 
selected behaved consistently on three array platforms, and 
agreement of about 30% was found between two brands [13]. 

Fourth, in proteomics studies, 2-D PAGE or 2-D DIGE 
have well-known technological limitations. In CRC, even 
after epithelial cell enrichment using magnetic beads, the 
mean CVof repeated 2-D PAGE analysis with silver staining 
was found to lie between 20 and 28%. Only 47% (interrun) to 
76% (intrarun) of spots could be matched within a triplicate 
experiment Interindividual phenotypic variability was high. 
Thus, even under well-defined experimental conditions, 2-D 
PAGE parallel analysis of paired CRC samples is hampered 
by a significant variability [2]. 

Fifth, the methods applied for generating, formatting, 
storing, retrieving, and querying data are of outmost impor- 
tance to assess methodological and biological variation in 
gene expression analysis. Unfortunately, due to the small 
sample size (number of patients), large number of variables 
examined at once, and absence of double or triple experi- 
ments (arrays and gels are expensive and samples are rare) 
statistical analysis is often not valid. In particular, assessing 
the reproducibility of a variable is necessary (c.g„ using the 
intraclass correlation coefficient) for comparing multiple 
samples at once. The use of median values instead of mean 
values has been shown to improve data correction [14]. It has 
also been proposed to use housekeeping genes as endoge- 
nous controls [15]. A dedicated society, The Microarray Gene 
Expression Data (MGED) Society, has been formed to facil- 
itate the sharing of gene expression data generated by func- 
tional genomics and proteomics experiments [16]. 

Finally, correlation between results of transcriptornics 
versus proteomics results is low. For CRC, there is no pub- 
lication comparing mRNA and protein expression for a 
cohort of genes. However, extrapolation is reasonable from 
another epithelial cancer (lung adenocarcinoma), where 
such comparison has been performed. Only a subset of the 
proteins (17%) exhibited a significant correlation with 
mRNA abundance [17]. 

* ? . 
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Obviously, many genes and factors found to be differen- 
tially regulated (both in traiiscxiptomics and proteomics 
studies) do not play a causal role in CRC carcinogenesis. For 
example in the studies under investigation, at least 17 
mRNAs encoding ribosomal proteins were identified to be 
dysregulated using cDNA arrays and 39 ESTs using SAGE 
technology. This broad dysfunction of protein synthesis, in 
particular of small molecules synthesis, has been reported 
not only in cancer but also in several other human diseases, 
where etiologies have been linked to mutations in genes of 
the translational control machinery [36]. 

However, some findings might be of particular interest 
in human CRC. For example, a small molecule group found 
to be dysregulated in human CRC is the 14-3-3 proteins 
family. 14-3*3 proteins are ubiquitous within all eukaryotic 
cells and participate in protein kinase signaling pathways. In 
particular, they arejnyolye<! in phosphorylation-dependent 
protein-protein interactions that control progression 
through the cell cycle, initiation and maintenance of DNA 
damage checkpoints, activation of MAP kinases, prevention 
of apoptosis, and coordination of integrin signaling and 
cytoskeletal dynamics [37]. Given the prevalence of specific 
14-3-3 isoforms expression in several human epithelial can- 
cers [38, 39], these proteins may be involved in cancer 
tumorigenesis and particular isoforms may be useful as 
therapeutic targets in human CRC. 

In summary, we propose a gene expression data ware- 
house in human CRC that is intended to help researchers 
active in the field to get an overview of the data available. 
However, reproducibility of results obtained in different 
studies was disappointing. 

As a matter of fact, the development of some types of 
unified processes for generating information, formatting, 
storing, retrieving, and querying data, regardless of the tech- 
nology used to generate it, is of central importance for 
building gene expression databases. Such unified processes 
have been proposed (see above) but have found only limited 
recognition so far. This is unfortunate because these metho- 
dological issues must be solved before trying to integrate 
experimental data from different sources into functional 
proteomics studies at the bench or in silico. The present 
meta-analysis of gene expression highlights the need for 
including a sufficient number of patients, analyzing only 
purified epithelial cells, using clinical standards (such as the 
international classification of disease, histopathology, and 
staging), assessing the variability of the technology applied, 
considering common standards for microarray data annota- 
tion and exchange, and finally for developing software 
implementing these standards and promoting the sharing of 
these high quality, well-annotated data within the life sci- 
ences community. 

In the absence of such unifiedprocesses, reproducibility of 
results within a laboratory will continue to be low, confirma- 
tion of results between different groups will stay difficult, and 
identification of diagnostic and therapeutic targets will remain 
a lottery. These problems are challenging the whole drug dis- 
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covery process from the very beginning, namely target identi- 
fication, so that target validation, assay development, and 
prioritization of compounds remains a high risk endeavor. 

We are very grateful to G. Nestlerfor her excellent technical 
assistance, 
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17.1 Introduction 

There are now numerous organisms whose genome sequences are known, for 
example Arabidopsis (Arabidopsis Genome Initiative, 2000), Drosophila (Adams 
etal. t 2000), human (International Human Genome Sequencing Consortium, 
2001) and rice (Yu et a/., 2002). The prediction of open-reading frames from 
these genomic sequences has enabled the comprehensive identification of many 
putative protein sequences. These proteins can be arranged into three categories, 
namely those of known function, those with recognisable motifs and hence a 
vague idea of function, and those with no sequence similarities to any pro- 
tein (Gabor Miklos and Nfalenszka, 2001). Many proteins reside in this latter 
'functional vacuum* which could represent as much as 30% of the predicted 
proteins. Determining protein function is key to understanding cellutir mecha- 
nism. Studying how protein expression is modulated in response to a given set 
of circumstances, such as infection, disease, developmental stage, senescence or 
response to drugs, will facilitate the elucidation of disease pathways and thus 
provide a mechanism for diagnosis and therapy. 

DNA chips (mRNA profiling studies) can contribute to die study of gene 
expression in response to a particular biological perturbation. However, the 
extrapolation that changes in transcript level will also result in corresponding 
changes in protein amount or activity cannot always be made, lb understand 
fully, we need integrated data sets from a variety of protein expression studies, 
providing information on relative abundances, sub-cellular locations, protein 
complex formation and the profiling of isofonns generated by either alternate 
mRNA splicing or post-translational modifications. Proteomics is the word now 
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commonly used to describe the discipline associated with the acquisition of 
these data sets. 

17.2 Definitions and applications 

Before embarking on an overview of die techniques used in the field of pro- 
teomics, it is necessary to define a few terminologies; proteomics, functional 
genomics, structural genomics and post-genomics are terms that have crept into 
the scientific vocabulary with alarming stealth and are used freely, and in some 
cases interchangeably, especially in cases where the use of such 'buzz words* 
is likely to increase the attendance at -departmental seminars. 

* 

• Genome: A genome represents the entire DNA content in a particular cell, 
whether or not it is coding, non-coding, or is located either chromosomally 
or extra-chromosomally. 

• Genomics: Genomics is the study of the genome, interrogating the complete 
genome sequence using both DNA and RNA methodologies. 

• Proteome: The proteome represents the complete set of proteins encoded by 
the genome. 

• Proteomics: Proteomics is the study of the proteome and investigates the cel- 
lular levels of all the isoforms and post-translatkmal modifications of proteins 
that are encoded by the genome of that cell under a given set of circumstances. 

• Functional genomics: This is the study of the functions of genes and their 
interrelationships. 

Whilst a genome is more or less static, the protein levels in a particular cell can 
change dramatically as genes get turned on and off during the cell's response to 
its environment The proteome originally was defined over seven years ago as 
'all the proteins coded by the genome of an organism* (Wasinger et a/., 1995). 
Nowadays the term 'proteomics* is used more widely and implies an effort to 
link structure to function by whatever means are appropriate. We can expect the 
definition to change again with time as the field and the investigator's view of 
it evolves. 

17.3 Stages in proteome analysis 

Proteomic analysis can ascertain function either by looking for changes in the 
expression of either all or a subset of proteins, or by identifying binding partners 
for particular proteins and seeing how their interaction is affected by biological 
perturbation. Whatever the rationale of the investigation, or the number of pro- 
teins involved, the study of the proteome can be broken down into the following 
stages of analysis. 
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Amplification and ovcrexpression of putative oncogenes 
confer growth advantages for tumor development. We 
used a functional genomic approach that integrated 
simultaneous genomic and transcript microarray, proteo- 
mics, and tissue microarray analyses to directly identify 
putative oncogenes in lung adenocarcinoma. We first 
identified 183 genes with increases in both genomic copy 
number and transcript in six lung adenocarcinoma cell 
lines. Next, we used two-dimensional polyacrylamide gel 
electrophoresis and mass spectrometry to identify 42 
proteins that were overexpressed in the cancer cells 
relative to normal cells. Comparing the 183 genes with 
the 42 proteins, we identified four genes - PRDXI, 
EEFIA2, CALR, and KCfP-I - in which elevated protein 
expression correlated with both increased DNA copy 
number and increased transcript levels (all r> 0.84, two- 
sided / > <0.05). These findings were validated by South- 
ern, Northern, and Western blotting. Specific inhibition of 
EEPIA2 and KCIP-1 expression with siRNA in the four 
cell lines tested suppressed proliferation and induced 
apoptosis. Parallel fluorescence in situ hybridization and 
immunohistochemical analyses of EEF1A2 and KCIP-I in 
tissue microarrays from patients with lung adenocarcinoma 
showed that gene amplification was associated with high 
protein expression for hnth genes and that protein 
overexpression was related to tumor grade, disease stage, 
Ki-67 expression, and a shorter survival of patients. The 
amplification of EEFJA2 and KCIP-1 and the presence of 
overexpressed protein in tumor samples strongly suggest 
that these genes could be oncogenes and hence potential 
targets for diagnosis and therapy in lung adenocarcinoma. 
Oncogene (2006) 25, 2628-2635. doi: 1 0. 1 038/sj.onc. 1 209289; 
published online 12 December 2005 
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Introduction 

In lung adenocarcinoma, as in other types of cancer, 
gene amplification and the consequent overexpression of 
the amplified oncogene play an important role in the 
development of tumors, because their overexpression 
confers a growth advantage. The ability to identify 
putative oncogenes that are activated during tumorigen- 
esis could facilitate the choice of molecular genetic 
targets for diagnosis and therapy of the disease. This 
concept has been exemplified by HER-2, which was first 
found to be amplified in neuroblastomas and subse- 
quently shown to be associated with poor prognosis in 
breast cancer (Ross and Fletcher, 1999). Now, HER-2 
aberrations are used as a predictor of response to 
therapy, and treatment of HER-2-positive breast cancer 
with the monoclonal anti-HER-2 antibody trastuzumab 
has been shown to improve prognosis (Ross and 
Fletcher, 1999). Emerging evidence of common ampli- 
cons in lung adenocarcinomas (Luk et al. 9 2001; Jiang 
et al, 2004; Tonon et aL, 2005) suggests that additional 
oncogenes remain to be identified; however, conven- 1 
tional techniques are ineffective in pinpointing such 
oncogenes. Parallel measurement of DNA copy number 
a nd mRNA l evel s in cDNA microarrays permits 
changes in copy number to be compared with transcrip- 
tion levels on a gene-by-gene basis to generate lists of 
candidate genes within the defining amplicons (Hyman 
et aL, 2002; Pollack et al, 2002). However, use of 
transcript patterns does not allow assessment of the 
expression of protein products or identification of prolo- 
oncogenes. Another approach, identifying differentially 
expressed proteins by proteomic analysis and then 
comparing the proteins present with mRNA expression 
in cDNA microarrays from the same specimens, can 
clarify the extent to which changes in transcript patterns 
reflect changes in their cognate proteins and post- 
transcriptional mechanisms (Chen et a/., 2002), but this 
approach cannot be used to identify oncogenes driven 
by extensive increases of their gene copy number. 
Moreover, using individual microarrays or proteomic 
approaches alone cannot distinguish the cancer-driving 
oncogenes that directly propel tumor progression from 
the larger number of passenger genes that may be 
concurrently over-represented but are not biologically 
relevant in tumor development. 
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In this study, we used a comprehensive approach that 
integrated simultaneous comparative genomic hybridi- 
zation (CGH) and transcript microarray with proteomic 
analyses of six lung adenocarcinoma cell lines. We 
directly and specifically identified Tour putative onco- 
genes that could have been activated through amplifica- 
tion and consequent elevation of transcript expression. 
We used small interfering RNA (siRNA) to inhibit the 
expression of two of these four genes in the lung cancer 
cell lines, which further implicated them jn oncogenesis. 
We then explored the clinical significance, of these 
findings by assessing the expression of these two genes 
in tissue microarrays of human lung cancer specimens. 
Our findings underscore the power of integrated 
functional genomic analyses for identifying putative 
oncogenes in tumorigenesis; such activated genes could 
be useful as targets for diagnosis or therapy in lung 
cancer. 



Results 

Simultaneous global genomic and transcript analyses 
identify 183 genes with increases in genomic copy 
numbers and transcript expression levels 
To identify genes in which increased DNA copy number 
might contribute to increased transcript in lung adeno- 
carcinomas, first we used CGH with microarrays of six 
lung adenocarcinoma cell lines. We identified 587 genes 
showing increases in DNA copy number across all six 
ceil lines (Supplementary Table IS), which were 
distributed as 90 amplicons on all chromosomes except 
for chromosomes 13 and Y (Supplementary Table 2S). 
A subsequent transcript test with the identical arrays of 
the same cell lines revealed 275 genes that showed 
increased mRNA levels (Supplementary Table 3S). 
Using random permutation tests across all cancer ceil 
lines, we identified 1X3 genes (31%) that showed 
elevated transcript levels from the 587 genes that were 
over - rep r esented i n the genome (Table 1), suggesting 



of their cognate proteins. To extend these findings 
beyond genomic over-representation to expression of 
the protein products of those genes, we next assessed 
protein expression in the same cell lines by two- 
dimensional polyacrylamide gel electrophoresis (PAGE) 
and found that 42 different proteins, representing 42 
individual genes, were significantly increased in the 
cancer cell lines (Table 2; Supplementary Figures IS and 
2S). Some of these proteins were identified as having 
multiple isoforms, and all individual isoforms exhibited 
increases in expression ranging from 4.6 to 12.8 times 
their expression in normal lung tissue cells. In compar- 
ing protein level of the 42 genes with changes in their 
cognate genomic and mRNA expression from the global 
microarray analyses, we found that four (9.5%) of those 
42 genes - PRDXl, EEFIA2+ CALR, and KCIP-I - 
showed statistically significant correlations between 
elevated protein expression, and increases in both copy 
number and mRNA expression (all r>0.84; / > <0.05) 
(Table 2) in the cancer cell lines. These findings imply 
that the abundance of these four proteins is attributable 
to the amplification and consequent elevated transcrip- 
tion of their cognate genes. 



Validation of copy number, transcript, and protein 
expression of PRDX1, EEFIA2, CALR and KCIP-1 
in lung cancer cell lines 

To confirm our findings from the high-throughput 
analyses, we next used Southern, Northern, and Western 
blotting to assess DNA, RNA, and protein levels for the 
four genes identified in the six cell lines. For compar- 
ison, we arbitrarily chose one gene, NFKBI, in which an 
increase in protein level did not correlate with genetic 
changes. Overall, we found excellent concordance 
between the CGH microarray and Southern blotting 
analyses, transcript array and Northern blotting ana- 
lyses, and proteomic and Western blotting analyses for 
all five genes (Figure 1). For example, KCIP-1 showed 
fivefold amplification in five of the six cancer cell lines. 
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that elevated transcript levels of the 183 genes may 
reflect their genomic over-representation in the cancer 
cells. These findings are consistent with previous reports 
linking genomic changes with altered transcript patterns 
in breast cancer (Hyman et ah, 2002; Pollack et ai, 
2002). However, our finding that only 31% of the genes 
showing increased DNA copy numbers had cognate 
increases in transcript expression in lung adenocarcino- 
mas is different from the overall rates of 40-60% 
reported for breast cancer (Hyman et at., 2002; Pollack 
et aL* 2002). This discordance may reflect methodologic 
differences between studies or biological differences 
between breast cancer and lung adenocarcinoma. 

Proteomic analyses identify four genes for which protein 
abundance was associated with increases in the cognate 
gene and transcript levels 

Analysis of transcript patterns is insufficient for under- 
standing the expression of protein products and the 

cITcct of genomic o\er-: eprcseiuanpn on the expression 



whereas NFKBI showed no such increase in any of the 
cell lines. As for transcript expression, Northern blotting 
of EEF1A2 showed high expression in five of the six 
cancer cell lines; again, levels of NFKBI transcript were 
not increased in any cancer cell line as compared with 
normal bronchial epithelial cells. The results of Western 
blotting were also consistent with the results of the 
proteomic experiments; for example, 'five of the cancer 
cell lines exhibited strong protein bands for PRDXI as 
compared with normal cells. These findings provide 
strong support for the validity of the results derived 
from the high- throughput techniques in this study; 

These parallel analyses also revealed close correla- 
tions in the extent of changes in gene copies, transcript, 
and protein of each of the four genes in the cancer cell 
lines. For example, in the five cancer cell lines that 
showed at least fourfold increases in EEF1A2 copy 
number, expression of transcript and protein was also 
increased by at least a factor of four as well (relative to 
their expression in normal cells) (Supplementary Figure 
3S). The protein abundance of the four genes showing 
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Table I List or 183 genes with statistically significant correlation 
(0,05) between genomic copy number and transcript level 



Table 1 {continued) 




Gene svmhol 



r-NOl 
DDOST 
S FN . 
M LP 
AKRIAI 
PRDXI 

UQCRH 

RPL7 

COLIIAI 

MCLI 

PSMB4 

JTB 

R PS27 

HAXI 

MUCI 

CCT3 

CRABP2 

TKT 

ATPIBI 

CIIITI 

SNRPE 

YWHAQ 

ODCI 

RPL3I 

BENE 

STAT I . 

HSPDI 

HSPEI 

RPL37A 

IGFBP2 

RPS7 

RABIA 

IGKC 

l.TF 

PFN2 

KPNA4 

SI OOP 

UGDU 

UCHLI 

SPPI 

TRIM2 

FOB 



Chro. Distance from p arm of each 
chromosome ( Mh ) 




SDH A 
PDCD6 

CCT5 

PTPRF 

RPL37 

ENCI 

QP-C 

SPINK I 

CANX 

SOX4 

HDGF 

RPSIO 

R PL I OA 

VEGF 

OSF-2 

l-SCNI 

CVCS 

CBX3 

IGFBP3 

CLDN4 

HSPBI 

CALR 

COLIA2 

ATP5J2 

AKRimn 



*• 

2 
2 
2 

2 
2 
2 

2 

2 
2 
2 
3 
3 
3 
4 
4 
4 
4 
4 
4 

j4_ 



5 

5 

5 

5 

5 

5 

5 

5 

5 

6 

6 

6 

6 

6 

6 

7 

7 

7 

7 

7 

7 

7 

7 

7 



8.5 
20.1 
26.4 
32.2 
45.4 
45.4 
46.2 
96.4 
102.6 
147.3 
148.1 
150.7 
1 50.7 
151 
151.9 
153.1 
i53.4 
159.3 
165.8 
199.7 
200.2 
9.6 
1060 
101.20 
110.40 
191.80 
198.30 
198.30 
217.30 
217.50 
3.30 
65.30 
89.00 
46.3 
151 
161 .5 
6.7 
39.3 
41. 1 
89.3 
154.7 
156 

156 



0.251 
0.305 

10.3 

14.2 

40.8 

74 

132.2 
147.2 
179.2 
21.7 
22.6 
34.6 
35.4 
43.7 . 
45.4 
5.3 
24.9 
25.9 
45.7 
72.7 
75.5 
92.7 
93.6 
98.7 
133.6 



0.0085 

0.01 1 1 

0.01 13 

0.0114 

0.0 1 28 

0.0122 

0.0125 

0.0127 

0.0129 

0.0222 

0.0131 

0.0 m 

0.0135 

0.0266 

0.0143 

0.CI67 

0.0148 

0.0152 

0.0234 

0.0154 

0.0165 

0,0159 

0.0119 

0.0161 

0.0169 

0.0175 

0.0277 

0.0185 

0.0388 

0.0189 

0.0193 

0.0204 

0.0285 

0.0455 

0.0207 

0.02 1 1 

0.1122 

0.0215 

0.0222 

0:0227 

0.023 1 

0.0235 

00441 



0.0243 

0.0245 

0.0446 

0.0248 

0.025 1 

0.0336 

0.0466 

0.0256 

0.0263 

0.0321 

0.0362 

0.0177 

0.0369 

0.0372 

0.0173 

0.0378 

0.038 1 

0.0289 

0.0389 

0.0403 

0.0433 

0.0425 

0.0457 

0.0475 

0.0481 



Gene symbol 


Chro. 


Distance from p arm of each 
chromosome (Mh) 




* 

RPS20 


8 


56.7 


0.0482 


TCEBI 


8 


74.6 


0.0486 


LAPTM4B 


8 


98.5 


0.0497 


RPL30 


8 


98.7 


0.0054 


KCIP-I 


8 


101.6 


0.0093 


PABPCI 


8 


. 101.78 * 


0.0119 


EEFID 


8 


144.4 


0.0121 


TSTA3 


8 


144.5 


0.0122 


RPL8 


8 


145.6 


0.0128 


TRA1 


9 


1 17.1 


0.0136 


RPL35 


9 


121.1 


0.0133 


HSPA5 


9 


121.5 


0.0135 


LCN2 


9 


124.4 


0.0137 


DPP7 


9 


133.4 


0.0139 


PFKP 


10 


3.2 


0.0223 


AKRICI 


10 


5.1 


0.0146 


PLAU 


:g 


75.6 ' 


0.0356 


DSP 


10 


76.7 


0.0289 


TALDOI 


ii 


0.434 


0.0143 


SLC22AIL 


ii 


2.9 


0.0151 


TSSC3 


n 


2.9 


0.061 1 


RPL27A 


ii 


8.7 


0.0156 


ST5 


ii 


8.8 


0.0162 


LDHA 


ii 


18.5 


0.0168 


MDK 


ii 


46.4 


0.0 1 62 


DOC-IR 


ii 


67.5 


0.0167 


MMP12 


ii 


102.8 


0.0177 


HYOUI 


n 


M8.9 


0.0183 


SCNNIA 


12 


6.3 


0,0185 


LDHB 


12 


21.7 


0.0193 


KRT7 


12 


52.3 


0.0196 


KRT5 


12 


52.6 


0.0197 




i / 




0.020 1 


ERBB3 


12 


56.2 


0.0212 


naca 


12 


56.8 


0.02 1 8 


TM4SF3 


12 


71.2 


0.0401 


NTS 


12 


86.2 


0.0215 


ASCLI 


12 


103.3 


0.0219 


TXNRDI 


12 


104.6 


0.0223 


CKAP4 


12 


106.6 


0.0124 


COX6AI 


12 


1 20.7 


0.0435 


BGN 


12 


122.5 


0.0235 


RAN 


12 


129.88 


0.0238 


RPL36A 


\A 


4fH : 










0.0243 


PGD 


14 


50.7 


0.0248 


THBS2 


15 


37.5 


0.0251 


TRAF4 


15 


38.3 


0.0253 


SPINTI 


15 


38.7 


0.0254 


RPLI7 


15 


45.26 


0.0411 


PKM2 


15 


70. 1 


0.0258 


IDH2 


15 


88.2 


0.0211 


RPL23A 


16 


0.377 


0.0264 


MSLN 


16 


0.753 


0.0366 


UBE2I 


16 


1.3 


0.027 1 


RPS2 


16 


1.95 


0.028 1 


CLDN9 

i 


16 


3J . 


0.0329 


ARL6IP 


16 


18.7 


0.0412 


EIF3S8 


16 


28.3 


0.0336 


TUFM 


16 


28.9 


0.0377 


ALDOA 


16 


30.1 


0.038 


NME4 


16 


53.6 


0.038 1 


GPR56 


16 


57.4 


0.0386 


CDHI 


16 


68.5 


0.0289 


NQOI 


16 


. 69.5 


0.0396 


SLC7A5 


16 


87.6 


0.0397 


APRT . 


16 


88.6 


0.0411 


GALNS 


16 


88.6 


0.0255 


RPLI3 


16 


89.3 


0.0431 


MCP 


17 


32.4 . 


0.0465 
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Table I (continued) 



(J one symhol 


Chro. 


Distance from p arm of each 


a 






chromosome (Mb) 




EKBB2 


17 


35.1 1 


0.0483 


JUP 


17 


39.8 


0.0495 


c:rf 


17 


40.39 


0.0505 


RPL27 


17 


41.1 


0.0046 


NMEi 


17 


46.59 


0.0082 


COUAI 


17 


48.6 


0.0108 


A BCC3 


17 


49.1 


0.0326 


NMK2 


17 


49.6 


0.01 II 


RPI.38 


17 


72.7 


0.01 17 


SMHH2 


17 


73.6 


0.01 19 


SYNGR2 


17 


76.6 


0.0122 


LCJALS3HP 


17 


77.4 


0.0127 


P4HB 


17 


80.3 


, 0.0126 


PPAP2C 


19 


0.221 


0.0228 


OPI 


19 


39.55 


0.0145 


HPN 


19 


40.2 


0.0129 


7NP146 


!9 


41.4 


0.0131 


SPINT2 


19 


43.4 


0.0238 


PSMD8 


19 


43.5 


0 01 32 


YIFiP 


19 


43.5 


0 0135 


R PS 1 6 


19 


44.6 


0 0144 


CKACAM5 


19 


46.9 


0 0145 


CEACAM6 


19 


46.9 


0 0143 


GIPR 


19 


50.8 


0 0259 


SNRPD2 


19 


50.9 


0 0413 


KDELRI 


19 


53.6 


0 01 5^ 


RPL28 


19 


60.6 


0 0156 


RPS5 


19 


63.6 


0.0267 


TRIM2K 


19 


63.7 


0.0158 


DA P 


20 


35.6 


0.0166 


TOPI 


20 


40.3 


0.0172 


UBE2C 


20 


45.1 


0.0174 


RPS2! 




01.0 




EKFI.A2 


20 


62.8 


0 0185 


TP F.I 


21 


42.6 


0.0186 


TI-'FI 


21 


42.7 


0.0192 


CSTB 


21 


44.1 


0.0201 


MIF 


22 


22.6 


0.0202 


XBP! 


22 


27.5 


0.0204 


PRDX4 


X 


22.9 


0.0198 


SYNI 


X 


46.3 


0.0204 


TIMPI 


X 


46.3 


0.0209 


PLP2 


X 


47.8 


0.0212 


MAO EDI 


x 


^1 


0.0331 


RPS4X 


X 


71 


0.0124 


SSR4 


X 


1 52.6 


0.0232 



(Supplementary Figure 4S). In contrast, EEF1A2 and 
KCIP-1 protein levels remained unchanged in mock- 
treated control cells and in cells transfected with a 
scrambled siRNA sequence. At 48 h after siRNA 
transfection, the percentage of proliferation of the 
transfected cancer ceils was reduced to 15-30% as 
compared with 91-100% of cell proliferation of the 
same cell lines treated with PBS or scrambled siRNA 
(Supplementary Figure 5S). Apoptosis of siRNA- 
transfected cells was 27-34%, whereas only 4% of the 
same cell lines treated with PBS or scrambled siRNA 
showed apoptosis. These results strongly support an 
oncogenic role for the identified genes in lung cancer and 
confirm their potential usefulness as therapeutic targets 
for the disease. 



Amplification and protein expression of KCIP-1 and 
EEFIA2 in lung tissue 

To further validate these findings and to assess the 
possible clinical significance of the four potential 
putative oncogenes identified from the cell lines, we first 
applied fluorescence in situ hybridization and immuno- 
histochemical analysis, in parallel, to commercially 
available human lung tissue microarrays (Ambion, 
Austin, TX, USA) to evaluate the status of two of these 
four genes in lung cancer tissue specimens. (Commer-. 
cially available antibodies to PRDX1 or CALR were 
not suitable for use in immunohistochemicaj analysis 
when this report was written.) Overexpression of KCIP- 
I and EEF1A2 protein in the tumors was concordant 
with amplification of the corresponding genes 
(/ > = 0.0003 for KCIP-1 and P = 0.00H for EEF1A2). 
For example, 16 (35%) of the 46 lung adenocarcinomas 
in the microarray showed amplification of KCIP-L and 
strong cytoplasmic staining for KCIP-1 protein was seen 
in 18 tumors (39%) (Figure 2). We next examined 
whether overexpression of these genes was associated 
with increased cell proliferation by analysing Ki-67 
expre ss ion in contiguous section s of the tissue micro - 
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corresponding increases in both DNA copy number and 
mRNA provides further evidence that these could be 
oncogenes, the activation of which is reflected by 
genomic amplification and consequent increases in 
transcript level in lung adenocarcinoma cell lines. 

Specific inhibition of EEFIA2 and KCIP-1 expression hy 
siRNAs led to decreased cell proliferation and induction of 
apoptosis 

To further prove the oncogenic function of the identified 
genes in lung tumorigenesis, we used siRNAs to inhibit 
the endogenous expression of EEFIA2 and KCIP-1 
protein in four lung cancer cell lines (HI 563, H229, 
H522, and SK-LU). Transfection of the cancer cells with 
specific siRNAs reduced the level of EEFIA2 and 
KCIP-1 protein by 70 ^0% 48 h after transfection 



arrays. Positive Ki-67 expression was found to correlate 
with positive expression of both KCIP-1 (^ = 0.02) and 
EEFIA2 (P = 0.0l). To extend these findings, we then 
studied 1 1 tissue microarray blocks comprising normal 
and tumor tissue specimens from 113 patients with 
pathologic stage I ribn-small-cell lung cancer who had 
undergone curative surgery (Wang et at., 2005). 
Fmmunohistochemical analysis showed that EEF1A2 
was expressed in 32 cases (28%) and KCIP-1 in 29 cases 
(26%). Univariate and multivariate Cox proportional 
hazards models were used to detect possible associations 
between EEF1A2 and KCIP-1 expression and clinico- 
pathologic variables. Expression of EEFI A2 or KCIP-1 
was associated with short overall survival time 
(/> = 0.00l2 for EEF1A2 and P = 0.0026 for KCIP-1) 
(Supplementary Figure 6S). Age at diagnosis, histologic 
type of cancer, degree of tumor differentiation, and 
smoking history were not associated with survival time. 

Although only two genes were validated in the lung 
tissue microarrays (because available antibodies to 
the other two genes were not suitable for use in 
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Table 2 Proteins showing significant ovcrcxpression in cancer cell lines relative to those in normal bronchial epithelial cell lines and their 
, correlation coefficients with increased DNA copy number or mRNA values" 



/iff. no. 

• 


Item' IIJ 


Oenc 


mwjpx ■ 


Description 


r with geno- 
mic copy 


r with mRNA 
changes* 






pd rw i 


AM A'C A 

4X.4/3.4 


Peroxiredoxin 1 


0.92364 


0.91892 




1 0 1 7 


lit" r 1 A J 


30.5 '5. 7 . 


Lukaryolic translation elongation factor 1 alpha 2 


0.90218 


0.89456 


m 770.7 


if 1 1 


CALK 


61/5.5 


Calrcticuhn 


0.84128 


0.86434 


Pa? i rift • 


0.*4 


KC lr-1 


27/6.3 


Tyrosine 3-monooxygcnasc activation protein; zeta 


0.84467 


0.8S499. 


nl / z j / 




r 4 rl K 


54/6.2 


Procollagen-proline, 2-oxoglularale 4-dtoxygenasc 


0.91884 


0.76786 . 




ion 

3X 1 1 


K R 1 1 7 


48.0/4.9 


Keratin 17 


0.00236 


0.86892 


nAOl 1 ■ 

I Ovj 1 1 


2950 


GSTP1 


23.2/4.7 


Glutathione 5-transferase pi 


0.84218 


0.69456 


P 1 7936 


3486 


IGPBP-3 


31.6/5.8 


Insulin-like growth-factor binding protein 3 


0.06412 


0.16434 


D7/iA4 1 


\t\it ~ 
\ y.i / 


r* FT IT 1 


50/6.4 


Eukaryotic translation elongation factor 1 gamma 


0.00446 


0.85549 




■38 KO 


K R I 19 


44.1/5.2 


Keratin 19 


-0.04884 


0.86786 


1*04792 


33 1 5 


HSPBI 


22/6.5 


Heat shock 27 k Da protein 1 


0.00364 


0.31892 


POOS 58 


5230 


PGK 1 


44.5/4.2 


Phosphoglycerate kinase 1 


0.50402 


0.79456 


Q0I995 


5876 


TAGLN 


.22.5/4.3 


Transgclin 


-0.34128 


-0.26434 


P0K63I 


3055 


JTK9 


59.5/6.8 


Hemopoietic celt kinase 


■ 0.01446 


0.02549 


P09382 


3956 


LGALS! 


'6/5.5 


Galectin-I. galacioside-hindir.g, soluble. \ 


O;0266:^3 


0.01123 


0^27X4 


8110 


DPF3 


25.8/4.8 


04, zinc and double PHD fingers, family 3 


0.094884 


-0.03214 


. P54257 


900 1 


HAPI 


75.5/6.5 


Huntington-associatcd protein 1 


0.12364 


-0.08108 


P05783 


3875 


KRTI8 


48/5.3 


Keratin 18 


0.010218 


0.60544 


P05787 


3856 


KRT8 


9.2/4.4 


Keratin 8 


0.041280 


0.84566 


P00738 


3240 


tot ■ ^ 

HP 


55.2/6.2 


Haptoglobin 


0.044679 


-0.14501 


P09769 


2268 


PGR 


59.5/5.2 


Gardner-Rasheed feline sarcoma viral oncogene homolog 


0.031264 


-0. 1 3789 


PI 9X38 


4790 


NFKBI 


50.4/6.3 


Nuclear factor of kappa light gene enhancer in B-cclls 1 


0.04467 


-0.14501 


P29034 


6273 


SI00A2 


10.9/4.6 • 


S 100 calcium-binding protein A2 


0.87%4 


0.243214 


QI3I05 


7709 


ZBTB17 


87.9/5.3 


Zinc-fmger and BTB domain containing 17 


-0.17636 


0.048108 


000987 


4193 


MDM2 


75.2/4.8 


Transformed 3T3 cell double minute 2 


-0.19782 


-0.50544 


P278I6 


4134 


MAP4 


II 1/5.4 


Microtubulc-associated protein 4 


0.25872 


-0.05356 . 


P52732 


3832 


K IF- 1 1 


1 19.2/6.2 


Kincsin family member 1 1 


-0.25778 


-0.53444 


P25205 


4172 


MCM3 


90.9/5.5 


MinichromoKOinc main ti?n;i nee deficient 1 


0 7S644 


0 0^1666 


. P0863 1 


3055 


HCK 


59.5/5.7 


Hemopoietic cell kinase 


0.65533 


0.054501 


1 P09237 


4316 


MMP7 


22.6/5.8 


Matrix metal lo proteinase 7 


0.234987 


0.876820 


P30305 


994 


CDC25B 


64.9/4.5 


Cell division cycle 25 B 


0.045116 


0.283214 


r3U2V0 


998 


CDC42 


21.3/6. 1 


Cell division cycle 42 (GTP-binding protein, 25 k Da) 


-0.47636 


0.088108 


P6 1 586 


387 


RHOA 


19.8/6.9 


Ras homolog gene family, member A 


-0.49782 


-0.00544 


P63000 


5879 


RACI 


21.5/6.8 


Ras-related C3 botulinum toxin substrate 1 


-0.05583 


-0.03566 


P07437 


203068 


TUBB 


49.6/6.5 


Tubulin, beta polypeptide 


0.255533 


0.145010 


P24864 


898 


CCNEI 


47.1/4.3 


Cyclin HI 


-0.65116 


0.232149 


P04I4I 


1437 


CSF2 


16.9/6.3 


Colony stimulating factor 2 (granulocyte-macrophage) 


-0.64636 


-J.28108 


P28072 


5694 


PSMB6 


25.3/5.2 


Proteasome (prosome, macropain) subunit, beta type, 6 


-0.69782 


-1.30544 


P00352 


216 


ALD- 
HIAI 


54.7/4.3 


Aldehyde dehydrogenase 1 family, member Al 


-0.75872 


0.03356 


003013 


• 2948 


GTM4 


25.3/5.0 


Glutathione S-transferase M4 


-0.78533 


0.134501 


P6324I 


1984 


EIF5A 


10/4.4 


Eukaryotic translation initiation factor 5A 


-0.9789T 


-1.44321 


O0I469 


2171 


EFABP 


18.0/4.2 


Fatty acid-binding protein 5 


0.25684 


-0.36432 



•Only the gene showing statistically significant increased protein expression with increases in both genomic copy number and transcript 
simultaneously will be considered as potential putative oncogene in lung adenocarcinoma cells. V, Spearman correlation coefficients between 
proteins and genomic or mRNA values are based on all six cancer cell lines; bold indicates /*<0.05, if r> 0.84000. Mw, molecular weight; pA 
isoelectric point. 



Discussion 

Our current study illustrates the power of integrated 
functional genomic analyses for identifying putative 
oncogenes and for evaluating their potential clinical 
significance. Among the four identified oncogenes, three 
genes {PRDXL CALR, and KCJP-J) have been im- 
plicated in lung tumorigenesis. PRDX1 is an antioxidant 
protein involved in regulating cell proliferation, differ- 
entiation, and apoptosis. Kim et al. (2003) found 
PRDX1 expression to be elevated in both lung cancer 
and adjacent normal lung tissue, suggesting that 
activation of PRDXJ may enhance proliferation in lung 
cancer. CALR has a major role in Ca 2+ binding and the 
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immunohistochemical analysis), these findings are con- 
sistent with those from our cell lines, demonstrating 
again that genomic amplification and consequent 
increases in amounts of transcript may be, at least in 
part, driving the abundance of proteins in these lung 
tumors. The association between expression of these 
genes and that of Ki-67. a known indicator of poor 
prognosis in lung cancer (Martin et aL, 2004), suggests 
that activation of these genes may be an indicator of 
tumor aggressiveness. These results also suggest that 

• expression of EEFI A2 and KC1P-1 proteins in stage I 
non-small-cell lung cancer may be useful as a marker for 
distinguishing patients with relatively poor prognosis 
from those who might benefit from adjuvant treatment. 
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Figure I Confirmation by Southern, Northern, and Western blot 
analyses of increased ON A copies, transcript levels, and protein 
levels in the four genes identified in high-throughput analyses. For 
comparison, we arbitrarily chose one gene, NFKBl\ in which an 
increased protein level did not correlate with genetic changes. The 
blowing results arc consistent with, the results from the CGH array, 
Iranscripl array, and proteomic analyses. Nor, indicates normal 
bronchial epithelial cell line. All the experiments were repeated at 
least three times with each cell line. Means of normalized to /?-actin 
signal intensities on Southern, Northern, and Western blots, along 
with 95% confidence intervals, were calculated (0-uctin signals are 
not shown in the figure; two different normal bronchial epithelial 
cell lines were used in the confirmation and only one normal cell 
line is shown in the figure). 



iranscriptional regulation of other genes and was 
-recently found to be overex pressed in 73% of 40 lung 
adenocarcinomas (Oates and Edwards, 2000). KCfP-1 
belongs to the 14-3-3 family, which participates via the 
MAPK and Wnt signaling pathways in the regulation of 
many cellular processes including cell proliferation and 
differentiation as well as tumorigenesis (Thomas et ai., 
2005). KCJP-f' was recently found to be expressed in all 
12 lung tumors tested in a single-institution study (Qi 
el <//., 2005). Interestingly, . EEFIA2 was originally 
considered a putative oncogene in ovarian cancer on 
the basis of its being amplified in 25% and over- 
expressed in 30% of the same set of ovarian tumors 
(Anand et uL, 2002); functional analyses have estab- 
lished its oncogenic role in cellular transformation (Lee, 
2003). Our discovery that EEFIA2 may be a putative 
oncogene in lung adenocarcinoma demonstrates the 
power of our functional genomic strategy for rapidly 
identifying potential oncogenes. 

Although the main focus of this studv was to 
specifically identify putative oncogenes, it should be 



noted that 90.7% of the genes showing high protein 
expression did not show corresponding increases 
in both DNA copy number and transcript, a finding 
consistent with that of others that transcriptional, 
translational, and post-translational regulatory mecha- 
nisms can greatly influence the abundance of protein 
in lung tumorigenesis (Chen et a/., 2002). For example, 
NFKB1 is a critical arbiter of immune responses, 
cell survival, and transformation and is often activated 
in several types of tumors (Chen et tf/., 2002). De- 
regulation of NFKB1 is thought to be modulated 
through phosphorylation of Ser337 by protein kinase 
A (Chen et'aL, 2002). Tn our study, 68.8% of the 
genes showing over-representation in the genome 
did not show elevated transcript - levels, implying 
that at least some of these genes are 'passenger' genes 
that are concurrently amplified because of their 
location with respect to amplicons but iafck bio- 
logical relevance in terms of the development of lung 
adenocarcinoma. 

Although the potential oncogenes we identified here 
are likely to be important, certainly other oncogenes 
could be involved in the development of lung adeno- 
carcinoma. The oligo microarray we used consists of 
22000 probes, which represent only about 60% of the 
human genome. Moreover, each probe was designed for 
the 3' region of expressed sequence tags of the selected 
genes. Also, our results were initially derived from 
cancer cell lines, although the findings were later 
confirmed in human tissue samples. Our ongoing study 
using microarrays with information on more genes 
and the development of high-resolution proteomic 
analyses for use with larger numbers of specimens will 
allow more comprehensive analyses of the molecular 
consequences of gene amplifications. Such expanded 
analyses will very likely lead to the identification of 
additional oncogenes. 

Some of the results of our current study were 
comparable to those of other studies of lung cancer. 
For example , genomic c op y number and protein level s 
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of KCIP-1 were previously found to be amplified and 
overexpressed in primary lung cancers by cDNA clone- 
based CGH array analysis (Jiang et a/., 2004) and 
proteomic analysis (Chen et a/., 2002), respectively. Our 
functional genomic approach, which integrates simulta- 
neous CGH, transcript microarrys, proteomic analyses, 
and siRNA, allows us not only to quickly identify 
potential oncogenes but also to explore their significance 
as diagnostic and therapeutic targets in tumor progres- 
sion - more than could be achieved by any technique 
alone. 

Genes identified in this way may serve as promising 
targets for diagnosis and therapy in lung adenocarci- 
noma. Further research on the clinical implications of 
such genes is needed; experiments now underway in our 
laboratory include overexpression of the genes in 
normal cells, disruption of the function of these genes 
in cancer cells, and investigation of how interactions 
among these genes (or interactions with other known 
oncogenes) may mediate the expression of the trans- 
formed phenotype. 
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Figure 2 EEFIA2 amplification is associated with high EEFIA2 protein expression in lung adenocarcinomas, (a) Cells from a lung 
adenocarcinoma sample m which EEF/A2 is amplified show more green signals (EEFIA2J than red signals (chromosome 20 
centromenc probe) (original magnification, . x .400). (b) Fmrnunohistochemical staining of cells from the same tissue sample as in panel 
a shows strong EEFI A2 staining in the cytoplasm, (c) A lung adenocarcinoma sample with two copies of EEF/A2 and chromosome 20 
centromenc probe, indicating no EEF/A2 amplification (original magnification, x 400). (d) Immunohistochcmical staining of cells 
ironi the same tissue sample as in panel c shows negative staining for EEF1A2. 



Materials and methods 

Cell lines 

Six human lung adenocarcinoma cell lines (H23, H229, HI 792, 
SK-LU-I, H522. and H 1563) were obtained from the 
American Type Culture Collection (Manassas, VA, USA). 
Two norma l bronch i nl epithel i a l cel l l i nes were obtained fr o m 



Supplementary Information. An increase in mRNA level was 
defined as a'lwofold increase in signal ratio relative to that of 
the control (log 2 > 1). 

Quantitative two-dimensional PAGE and mass spectrometry 
Analysis of proteins by two-dimensional PAGE and their 




Clonlech (Palo Alto, CA, USA). Genomic DNA, mRNA, and 
protein were derived from a single harvest of these cells. 

DNA and RNA profiles by microarray analysis 
Genomic DNA labeling and hybridization were performed as 
described previously (Barrett et <//.. 2004) with Agilent's 
Human I A Oligo Microarray (V2) (Agilent Technologies, 
Palo Alio. CA, USA), which- contains 22 000 unique 60-mer 
oligos. Details of the protocol for analysing transcripts are 
available at http://www.chem.agilenl.com. Map positions for 
arrayed genes were assigned by identifying the DNA sequence 
represented in the UniGene cluster and matching it with the 
Golden Path genome assembly (http://genome.ucsc.edu/; Mat 
7, 2004 Freeze). Microarray images of DNA copy number and 
expression were analysed by using AgilcntCGH Analytics and 
Feature Extraction software. DNA copy number profiles that 
deviated significantly from background signal ratios (measured 
from normal control cell hybridization, as described elsewhere; 
Barrett et al. % 2004) were interpreted as evidence of true 
differences in DNA copy number. The criteria for defining 
genomic over-representation and amplicons are described 
elsewhere (Hvman *■/ a/.. 2002):. details are uiven in the 



identification by mass spectrometry were performed as 
previously described (Shen et a/., 2004). Briefly, protein pellets 
were solubilized in rehydration buffer, after which the first- 
dimension isoelectric focusing was carried out with a Protean 
IEF Cell (Bio-Rad Laboratories) and the second-dimension 
separation was carried out with Bio-Rad's Ready Gel Precast 
Gels and the Bio-Rad Criterion Cell apparatus. Protein spots 
were visualized by silver-based staining, and all gels were 
assessed with Bio-Rad's PDQuest 2D gel image analysis 
software. Selected spbts were subjected to in-gel tryptic 
digestion and analysed on a Voyager-DE PRO matrix-assisted 
laser desbrption ionization/time-of-flight mass spectrometer 
(Applied Biosystems, Foster City, CA, USA). The mass list of 
the 20 most intense monoiso topic peaks for each sample was 
entered in the MS-Fit search program (v3.2.l) (http:// 
prospector.ucsf.edu/ucsfhtml4.0/msfit.htm) and searched in 
the National Center for Biotechnology Information protein 
database. 

Southern. Northern, and Western blot analyses 
Southern, Northern, and Western blot hybridizations were 
performed according to standard protocols. cDNA clones for 
the tested genes were purchased from fnvitrogen (Carlsbad, 
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CA. USA) and prepared as probes for Ihe blot hybridizations. 
Antibodies used were obtained as follows: PRDXI, CALR, 
NFKBI, KC1P-I. and //-actin from Santa Cruz Biotechnology 
(Santa Cruz, CA, USA); and EHFIA2 from Upstate Biotech- 
nology (Wultham. MA, USA). 

Fluorescence in situ hybridization and imnnmohistochemical 
analyses of lung tissue microarrays 

Fluorescence in situ hybridizations and immunohistocheinical 
analyses of KCIP-I and EEFI A2 were carried out as described 
elsewhere (Jiang et «/., 2002; Wang et aL, 2005) with Lung 
Tissue Microarrays (Ambion, Austin, TX, USA) and tl 
homemade microarray blocks containing tissue samples from 
1 13 patients with pathologic stage i non-small-ccll lung cancer 
(Wang et aL 2005). DNA probes specific for KCIP-I and 
EEFIA2 were obtained by screening a Human BAC Clone 
library (Invitrogcn) by polymerase chain reaction as described 
previously (Jiang et aL. 2002). The antibodies used for the 
immuhohislochcmicul analyses were the same as those used 
for the Western blotting. Cell proliferation of the lung tissues 
was assessed with a Ki-67 monoclonal antibody from Santa 
Cruz Biotechnology. Definitions of the cutoff value for a 
positive result of each antibody are shown in Supplementary 
Information. 

siRNA transfection: cellular proliferation assay, and apoptosis 
analysis 

Translations were carried out by using siPORT Lipid 
Transfection Agent (Ambion) with siRNAs targeting KCIP-I 
or EEFIA2 or with a scrambled siRNA duplex (siControl) 
(Dharmacon Inc., Lafayette, CO, USA), with PBS used as a 
negative control (Jiang et aL 2002). Cells were fixed 24, 48, or 
96 h later and subjected to further tests. All siRNAs were 
prepared by using a transcription-based method with Silencer 
siRNA according to the manufacturer's instructions (Am- 
bion). Sequences of the individual siRNAs are listed in 
Supplementary Table 4S. Inhibition of cell growth by the 
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siRNAs was determined by MTT staining, and cell growth 
rate was plotted against the percentage of viable cells in the 
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Statistical analyses 
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